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DISPOSITION LIST. 

1. During the period under review the Officers of the Department 
were employed as follows :— 


BIb. C. S. Middlemiss 
* 


Reverted to his substantive appoint¬ 
ment as Superintendent with efEect 
from the forenoon of the 6th January 
1915. Granted privilege leave for 3 
months and special leave for 3 
months with effect from the after¬ 
noon of the 13th February 1915. Re¬ 
turned from combined leave and re¬ 
sumed duty from the afternoon of 
the 16th August 1915. In charge of 
the Central India, Rajputana and 
Bombay party and left for the field 
on the 19th November 1915. 


Ms. E. VREDEKBUsa Proceeded to the field on the 20th 

February 1915 ; returned from the field 
on the 11th April 1915. At head¬ 
quarters engaged on the description of 
the Tertiary MoUusca of Sind and Balu¬ 
chistan. Accompanied the Director on 
a tour in Karauli State in November. 
Deputed to Panna State from 6th to 
15th December 1915. 

Dr. 1j. L. Febmor Returned from the field on the 3rd 

March 1915. At headquarters up to 
Slat December 1915. 

Aeeietani-Superintendents. 

Dr. G. E. Pilgrim . At headquarters as Palssontolc^st. 

Joined the Indian Army Reserve of 
Officers on the afternoon of the 12tb 
June 1915. 
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Kb. O. H. Tipfeb . At headquarters. Granted privilege 

leave for six weeks with effect from 
the 18th January; resumed duty on 
the 27 th February 1915. Joined the 
Indian Army Reserve of Officers on 
the afternoon of the 10th May 1915. 

Mb. H. Walkeb . . Returned from the field on the 7th 

May 1910. Posted to Burma and 
left for the field on the 2nd December 
1915. 

Db. E. H. Pascoe . Returned from the field on the 6th 

April 1915. Joined the Indian Army 
Reserve of Officers on the afternoon 
of the 30th May 1915. 

Mb. K. a. K. Hallowes. Returned from the field on the 6th 

May 1915. Posted to Hyderabad 

State and left for the field on the 
* 22nd November 1915. 

Mb. G. de P. Cotter Returned from the field on the 5th 

April 1915. Appointed Curator, Geolo¬ 
gical Museum and Tiaboratory from 

the afternoon of the 24th May 1915. 

Mb. J. C. Brown Returned from the field on the 30th 

May 1915. Appointed Palaeontolo¬ 

gist from the afternoon of the 12th 
June 1915. Deputed to Tavoy as 

technical adviser to the Deputy Com¬ 
missioner and left Calcutta on the 
12th October 1915. 

Mb. H. C. Jones At headquarters as Curator, Geological 

Museum and Laboratory. Joined 
the Indian Army Reserve of Officers 
on the afternoon of the 14th May 

1915. 


b2 
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Mb. a. M. Heron . Beturned from the field on the 4th May 

1915. Acted as Lecturer on Geology, 
College of Engineering, Poona, from 
10th June to 30th September 1915. 
Attached to Central India, Bajputana 
and Bombay party and left for the 
field on 19th November 1916. 

Dr. M. Stuart . Beturned from the field on the 5th May 

1915. Posted to the Punjab and 
left for the field on the 3id December 

1916. 

Mr. N. D. Daru. Services transferred for employment under 

the Indian Educational Department as 
Professor of Geology at the Presiden¬ 
cy College, Madras, with efiect from 
the 23rd June 1914. 

Mr. C. S. Fox Granted extension of leave out of India 

until the date of his return to India 
at the close of, or during, the war. 
Holds commission as Lieutenant in 
the Boyal Engineers. 

Mr. B. C. Burton Beturned from the field on the 21st 

March 1915. Joined the Indian Army 
Bcserve of Officers on the afternoon 
of the 14th April *1915. 

Mr. B. W. Palmer Granted extension of leave to the end 

of the war. Holds a commission in 
the East Lancashire regiment. 

Chemist. 

Dr. W. a. K. Christie. At headquarters. Joined the Indian 

Army Bescrve of Officers &om the 
afternoon of the 22nd March 1915. 
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Artist. 

Mr. K, F. Watkinson. At headquarters. Granted privil^e 

leave for one month with e£Eect from 
the 13th September 1915. 


Sub-Assistants. 

S. Sbthu Kama Rau Returned from the field on the 9th 

April 1915. Granted privilege leave 
for one month and sixteen days with 
effect from the 28th August 1916. 
Attached to the Burma party and 
left for the field on the 23rd Novem¬ 
ber 1916. 

M. Vinayak Rao Returned from the field on the 20th 

April 1915. Deputed to survey the 
Makrai State in Hoshangabad Dis¬ 
trict and left for the field on the 16th 
November 1916; was subsequently 
transferred to Tavoy, and left Cal¬ 
cutta on the 2nd December 1915. 


Assistant Curator. 

Mr. a. K. Banebji . At headquarters. 


Field CoUector. 

Babu Bankim Behari Left on the 24th January 1915 for Sind 
Gupta. and returned to headquarters on the 

^ 12th April 1915. 

Babu Dubga Sankab Promoted from Museum Assistant oh 
Bhattachabji. the 1st July 1915. Granted privilege 

leave for five weeks from the 19th 
November 1915. 
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ADMINISTRATIVE CHANQBS. 

2. Bi. H. H. Hayden letumed from combined leave and lesumed 
his duties as Directoi, Geological Survey of 
P^ollon"^ India, with effect from the forenoon of the 

6th January 1915. 

Mr. C. S. Middlemiss reverted to his substantive appointment 
as Superintendent with effect from the 6th January 1915 on return of 
Dr. Hayden, from leave. 

Dr. 6. E. Pilgrim, Assistant Superintendent, was appointed to 
oflficiate as Superintendent with effect from the 13th February 1915. 

Mr. H. Walker, Assistant Superintendent, was appointed to 
officiate as Superintendent with effect from 13th June to 16th 
August 1915. 

Dr. L. L. Fermor was appointed to act as Curator from the 15th 
to 24th May 1915. 

Mr. G. de P. Cotter was appointed to act as Curator with effect 
from the 25th May 1915. 

Mr. J. C. Brown acted as Palaeontologist from the afternoon of the 
12th June 1915 to December Slst. 

3. Mr. C. S. Middlemiss was granted privilege leave for 3 months 

. and special leave for 3 months with effect 

LfiAVC ^ 

from the afternoon of the 13th February 1915. 

Mr. G. H. Tipper was granted privilege leave for six weeks with 
effect from the 18th January 1915. 

Mr. 'K. i’. Watkinson, Artist, was granted privilege leave for 1 
month with effect from the 13th September 1915. 

Sub'Assistant S. Sethu Kama Bau was granted privilege leave 
for 1 month and 16 days with effect from the 2Sth August 1915. 

MILITARY SERVICE. 

4. Early in the year the majority of those members of the Depart¬ 
ment whose age and physical condition permitted of their undertak¬ 
ing military duties, applied for permission to join the Indian Army 
Beserve of Officers; permission was generously accorded by the 
Government of India to all applicants and the following officers receiv¬ 
ed commissions: Dr. G. E. Pilgrim, Mr. G. H. Tipper, Dr. E. H. 
Pascoe, Dr. W. A. E. Christie, Mr. H. C. Jones and Mr. B. C. Burton. 
Messrs. C. S. Fox and B. W. Palmer had already received commissions 
in British regiments in the previous year, Mr. Palmer having been 
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At the front sinoe September 1914 and Mr. Fox since the somma of 
1915. Mr. Tipper and Dr. Christie left for the front in November 
and Mr. Burton in December. The remsuning officers, Drs. Pilgrim 
and Pascoe and Mr. Jones were still in India at the end of ihe year. 


H. S. Bion. 


R. Lydekker. 


OBITUARY. 

5. The death of Mr. H. S. Bion in June, 1915, has already been 
referred to in the preceding volume of these 
Records. His loss to the Geological Survey 
is still keenly felt, and his service would have been of special value 
at the present time. 

Mr. Richard Lydekker, who died on April 16th of last year, 
joined the Geological Survey in November, 
1874, and retained his appointment for nearly 
nine years. In spite of the shortness of the period of his stay in 
India, he succeeded in completing a large amount of original work. 
His geological survey of Kashmir, made during the years of 1875— 
1JB81, threw much additional light on the important subject of 
Himalayan stratigraphy of which little was then known, and his 
memoir published in the year 1883 is still the standard work on 
the geology of Kashmir generally, having been superseded in parte 
only by the more detailed surveys carried out during recent years 
by Messrs. Middlemiss and Bion. The work for which Mr. Lydekker 
was best known, however, was his description of the Indian Tertiary 
Fossil Vertebrates; this was begun in Calcutta, but, owing to the 
absence of facilities for work of the kind in this country at the time, 
Mr. Lydekker undertook to complete his investigations after his 
retirement early, in the year 1883, and the four large volumes of 
series X of the Palceonlologia Indica (" Indian Tertiary and Post 
Tertiary Vertfhrata ”), published between the years 1875 and 1887, 
constitute a lasting monument to his scientific activity. 


PROFESSORSHIPS AND LECTURERSHIPS. 


6. Mr. E. Vredenburg was University Lecturer at the Calcutta 

Calc tla University throughout the year. Mr. H. C. 

** Jones was Lecturer on Geology at the Preri- 

dency College until he joined the Indian Army Reserve of Officers, 
when he was succeeded by Mr. G. de P. Cotter. 
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' Mr. A. M. Heron was lecturer on Geology at the En^neering 

Collie, Poona, from 10th June 1915 till 30th 
September 1916. 

Mr. N. D. Daru was attached to the Madras Educational Service 
on transfer as Professor of Geology in Madras 
”** throughout the year. 


INDIAN SCIENCE CONGRESS. 

7. The second meeting of the Indian Science Congress was held in 
Madras on January 14th, 15th and I6th, 1915. The Geology Section 
was presided over by Dr. W. F. Smeeth, Director, Department of 
Mines and Geology, Mysore State; amongst several papers of interest 
which were offered, an especially valuable one by Dr. Smeeth himsdif 
dealt with the geological history of Southern India and summarised 
the results of the work done in recent years by the members of the 
Mysore Geological Department; this has led Dr. Smeeth to the 
conclusion that the Archsean rocks of South^n India, including 
the Dharwars, ultimately are all of igneous origin. The paper has 
appeared in the Proceedings of the Asiatic Society of Bengal, Vol. XI, 
Nos. 5 and 6 (May, June 1915), page 141. 

POPULAR LECTURES. 

8. The course of popular lectures delivered at the Indian Museum 
during the winter of 1914-15, included a lecture by Dr. L. L. Fermor 
on the ** Manganese-ore Deposits of India ’* and a lecture by Mr. J. 
Coggin Brown on ‘‘ Prehistoric Bemains in India.** A popular 
lecture on the Hindu Kush and the Pamirs was delivered by me be¬ 
fore the Asiatic Society of Bengal in December. 


PUBLICATIONS. 

9. The publications issued during the year under review comprise 
two volumes of Becords and one memoir of Palceontologia Indica. 

LIBRARY. 

10. The additions to the library during the year 1915 amounted 
to 2,523 volumes, of which 820 were acquired by purchase and 1,703 
by presentation and Exchange. 
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MUSEUM AND LABORATORY. 

11. Mr. H. C. Jones was Curator of the Museum and Laboratory 
til] the middle of May, when he left to join the Indian Reserve of 
Officers. Dr. L. L. Fermor took over charge of the duties for 
three weeks, and was in turn relieved on May 26th by Mr. G. de P. 

Cotter. Mr. Ajit Kumar Banerji was Assistant 
Curator throughout i^e year. Babu Durga 
Sankar Bhattacharji on return from the field was promoted to the 
post of Field Collector. Mr. S.. Subba Iyer continued to work as 
Museum Assistant, Falecontological section. The post of Museum 
Assistant in the Mineral section, left vacant by the promotion of 
Babu D. S. Bhattacharji was hUod towards the end of the year by the 
appointment on probation of Babu Baroda Charan Gupta. 

12. The number of specimens referred to the Curator for examina¬ 

tion and report was 333, of which assays and 
andMSjSl.**’'® analyses were made of 18. This included 67 

rock specimens from the Deputy Conservator 
df Forets, Almora. The chemical work included an analysis of 
llanfordite. 

13. Only one meteorite fiill was recorded in 1915. This occurred 

on the 19th of January 1916 at Yisuni village, 
eeo es. Umarkot Taluka, district Thar and Parkar, in 

Sind. The specimen, which was forwarded by the Collector of Thar 
and Parkar, is an almost complete aerolite, covered with crust except 
at one corner. The meteorite weighed 694 gms. Mr. H.> Walker 
has undertaken the description and is preparing a paper for publica¬ 
tion in the Records. He determines it as a oystalline spherical 
chondrite (cck). 

14. Fight fragments of meteorites were obtained by exchange 
from the United States National Museum, Washington. These 
are:—^Hendersonville (116*S gms.), Modoc (37 gms.). Long Island 
(62 gms.), Holbrook (114*7 gms.), CuUison (48 gms.). Crab Orchard 
(40 gms.), Williamstown (132*6 gms.), Perr^ille (98*2 gms.). The 
first six of these are stones, the last two, irons. Three fragments 
were received by exchange from the South African Museum, Cape 
Town; these are:—St. Marks (83*1 gms.), Jackalsfontdn (54*2 
gms.) and Matatiela (78*8 gms.). The first two are stones, the last an 
iron. Nine fragments were presented by the Trustees of f^e British 
Museum, viz., Crumlin (38*7 gms.), Oshima (233*1 gms.), Zomba 


Meteorites. 
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(27*9 goiB.), Eli Elwah (75 gmsOi Uwet (254*8 gms.), Barranca Blanca 
(49 gms.)) Mount Hicks (64 gms.), Fan de Asucar (92 gms.), Cowra 
(29*5 gms.). The first four are stones, the last five, irons. 

16. During the year fragments of the following Indian meteorites 
were de8|>atched to other Museums:— 

(1) to the Superintendent of the Government Museum, Madras, 

as a donation, a piece of the Euttipuram meteorite, 
weighing 63 gms.; 

(2) to the Keeper of Minerals, British Museum, as a donation, 

pieces of the following falls:— 

Bholghati (28*6 gms.), Mirzapur (208*8 gms.), Lakangaon 
(93-8 gms.), Shupiyan (65*9 gms.); 

(3) to the Director, South African Museum, Cape Town, 

in exchange, pieces of the following:— 

Karkh (two chips, 16*9 gms.), Dokachi (70*9 gms.), Khohar 
(83*1 gms.). 

16. A new show-case has been placed in the Meteorite Gallery, 
and the meteorite collection, which is now exhibited in three cases, has 
been entirdy re-arranged in accordance with the Bose-Tschermak- 
Brezina classification. 


17. During the year various rock, mineral and fossil specimens 


DomtioM 
Museums, etc. 


were given .either in exchange or as donations 
to the following museums, educational institu¬ 
tions and teachers:— 


(1) Bedpath Museum, Montreal, Canada; 

(2) Agricultural College, Nagpur; 

(3) Hooghly Training School, Hooghly; 

(4) jKeld Museum of Natural History, Chicago; 

(5) David Hare Training College, Calcutta; 

(6) Prof. T. W. Edgeworth David, Professor of Geology, 

l^dney University; 

(7) Miss Burnett Hirst, 11 City Hoad, Allahabad; 

(8) Prof. A. Lacroix, Musee d’Histoire Naturelle, Paris, 

(9) St. Patrick’s Catholic Church School, Cawnpore; 

(10) Diocesan College, Elgin Boad, Calcutta. 


18. Of the additions of foreign specimens to the Museum during 


Addltiom and ex¬ 
changes. 


1915, the most important is a collection of 
igneous rocks from Skye and Glenelg in In¬ 
verness-shire, presented by Dr. Fermor. The 


ooUectioa is illustrative of the various types dealt with by Prof. 
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Harker in his work upon the Igneous Books of Skye, and 
includes various kinds of basalt, rhyolite, peridotite, gabbro, 
granite, granophyre, Cambrian marble, marscoite, picrite and various 
specimens from the Lewisian and Torridonian systems and Moine 
schists. 

A fine collection of specimens from the Stassfurt salt mines in 
Germany was received from Dr. W. A. K. Christie. This includes 
samples of kainite, carnalUte, kieserite, picromerite polyhalite, hart- 
salz, sylvine and boracite. 

Amongst minor additions qf foreign specimens may be mentioned 
specimens of benitoite and of lithiophorite acquired by exchange 
from Mr. W. A. Rocbling, United States of America, and also some 
gold nuggets from the Klondyke region, presented by Dr. L. L. 
Fermor. 

A. collection of English Tertiary fossils was received from Mr. 
F. R. Cowper Reed. 

Amongst the many Indian specimens acquired by donation may 
be mentioned the following;— 

(1) jamesonite from Shogot, Lutko Valley, Chitral, presented 

by Mr. Shiv Raj; 

(2) wolfram from Dcgana, Marwar State, Rajputana, pre¬ 

sented by Mr. 11. A. Pearson; 

(3) vein quartz carrying native gold from Eundru Kocha, 

Singhbhum, presented by the Dhalbhum Gold and 

Minerals Prespecting Co., Ltd. ; 

(4) molybdenite from the Godavari district, presented by 

the Executive Engineer, Godavari, Northern Division ; 

(5) apatite-magnetite rock from a mine near Ghatsila railway 

station, B. N. Railway, presented by Mr. P. B. Billing- 

burst. 


19. During the latter half of the year the Curator and his staff 
have been largely occupied in re-arranging the 
FosSlalSrery!”*”^ contents of the show-cases and drawers in the 

Fossil Gallery and of the drawers in the Mineral 
Gallery, and in taking stock of the collection of type fossils^ The 
re-arrangement of the Invertebrate Fossil Gallery referred to in last 
year’s report has been continued vigorously, but is not yet complete ; 
many of the show-cases contained specimens whose labels required 
renewal, while the contents of the' drawers beneath the show-cases 
were in need of re-arrangement. The contents of everv drawer in the 
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Invertebiate Fossil Galleiy have now been entirely overhauled by 
Mr. Cbtter and have been catalogued and cross-catalogued in order of 
geologioal age; this task involved considerable labour, but was 
found to be necessary before.new and better specimens could be sub¬ 
stituted for those at present in the show-cases. It became evident 
also, in the course of the work, that the present arrangement had been 
outgrown, owing to the advances in stratigraphy made during recent 
years; thiu, for instance, it has been found desirable to split up the 
“ permo-Carboniferous ” collections into Lower, Middle and Upper 
Carboniferous and Productus Limestone. With these more ambi¬ 
tious designs for improvement in view, a wider held of reform opened 
up, and necessitated a thorough revision of almost the whole 
gallery. This work was designed by Mr. Cotter and has been 
carried on by him with characteristic energy during the latter 
half of the year ; it will, however, take some considerable time 
to complete. The Gondwana collection has been overhauled; the 
duplicates have been packed in order of stage and locality, and 
are now readily accessible, while the types have been re¬ 
assembled. T|fenty show-cases have been allotted to the Gondwana 
ejchibits, and in these a representative collection has been arranged, 
with revised generic names, where necessary; Babu Bankim Bihari 
Gupta, Field Collector, has done the greater part of this work and the 
result, when the new labels have been printed, will, it is hoped, be 
satisfactory. 


20. In the Mineral Gallery, it was found that all available space 

Mineral Oalle storing rock specimens in the main rock 

collection had been used up, and it was urgently 
necessary to make some room for the expansion of this coUectionji 
In addition to the main collections of rocks and minerals, there 
were in the gallery two collections of duplicate rocks and one of 
duplicate minemls, and also a collection of old unregistered specimens. 
The collection of old specimens was overhauled, and all that was 
worthless was thrown away. The three duplicate collections and the 
remainder of the old collection are being re-registered as one duplicate 
collection; this work is not yet complete. As a result there is 
now sufiGicient space for the expansion of the main rock collection at 
the normal rate for a period of eight or ten years. 


21. Lastly the type fossils and figured specimens described in 
the Geologioal Survey publications have been checked, and the 
listB brought up to date. 
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MINERALOGY AND PETROLOGY. 

22. Although blanfordite, the manganiferous p 3 ^oxene with strik- 
_ ing pleochroism in tints of blue, carmine, imd 

lilac, was nrst collected some twelve years ago, 
it has not hitherto been possible to subject it to chemical analysis on 
account of the lack of material of suitable purity and freshness. But, 
as mentioned on page 15, Dr. Fermor has at last succeeded in obtain¬ 
ing from a pegmatite at the Kachi Dhana manganese mine in the 
Chhindwara district material spitable for this purpose. The analysis 
was undertaken by Mr. A. K. Banerji, Assistant Curator, on 
material separated by means of Sonstadt’s solution and carefully 
picked under the microscope. The specific gi'avity of the material 
analysed was 3*50 and the result obtained was as follows:— 
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Dr. Fertnor finds that this analysis corresponds to a mixture of the 
molecules of the pyroxene group in the following proportions:— 
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Tbe last four silicates may be regarded as forming a mangan* 
auglte 13'84 % of MnO. The striking pleochroism of the 
blanfordite may be due to the association of the soda of the Semite 
molecule with the MnO of the mangan-augite. It should be noticed 
that the origmal locality for blanfordite is Kacharwahi in the Nagpur 
district, and that it does not follow that the composition of the 
mineral from this locality will prove to be exactly the same as that 
of the Kachi Bhana mineral. Indeed, variations in the intensity of 
the colouration of the specimens from different localities suggest that 
the mineral varies somewhat in composition from place to place. 

23. During his work in the Sausai tahsil Dr. Fermor revisited 

Petrology of men- i*^® manganese-ore deposits described 

ganeie ore* of the in his memoir on the subject, namely Bhura- 
Central Provinces. (Ghoti), Kachi Dhana and Sitapar. Each 

of these yielded further interesting information. The Bhurakam 
deposit consists apparently of a series of thin parallel bands from 
3 to 5 feet thick. But that the deposit is really a single band folded 
repeatedly into an isocUnorium is shown by the presence on one 
side of the ore-band of a very fine-grained granulitic rock rich 
in spessartite ind epidote, the latter being sometimes a mangan- 
epidote, suggesting withamite. The ore-band is composed partly 
of gonditic rocks and partly of manganese-ore of secondary origin 
formed by the alteration and replacement of spessartite and by 
replacement of intrusive pegmatitic rocks, often rich in spessartite. 
The gondite is itself often felspathic, and as the ore-band and as¬ 
sociated granulite are completely enclosed in biotite-gneiss one 
would hesitate on the evidence of this locality alone to ascribe a 
sedimentary origin to the manganese band. But since, judging 
from evidence provided by other localities, this sedimentary origin 
is undoubted, it is necessary to suppose that the original character 
has been obscured mineralogically by hybridisation due to the addi¬ 
tion of igneous material. This deposit serves, therefore, as a good 
example of the way in which a thin band of sedimentary rock may 
be folded in with igneous rocks, suffer serious mineralogical modifica¬ 
tion owing to the influence of the latter, and yet retain its physical 
identity as a stratum. 

24. Kachi Dhana showed a fine example of intrusion of manganese 
ore by pegmatite with inclusion of blocks of the ore in the pegmatite, 
proving, as at Gowari Warhona,^ that this type of manganese-ore 


^ Records, Ceol. Suit. Iiu}ia, Vol. XLI, p. 5. 
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was k existence before the pegmatite was intruded, and adding this 
deposit to tbe list of those that may continue as far as the mangani- 
ferous rocks descend. Considerable quantities of blanfordite were 
obtained from some of these pegmatites, a portion of the material 
being fresh enough for anal 3 ^is. 

25. The Sitapara quarry was revisited in order to record progress 
and to collect a further supply of the minerals hollandite, fermoiite 
and sitaparite. The original outcrop showed ore composed of the 
above minerals, with some braunite, the mineral assemblage being 
unique. The quarry, which shows that the deposit forms a hill 
buried in alluvium, had, in February 1915, reached a depth of 60 
feet. It was found that ore of the above type had given place to a 
more normal t 3 rpe composed largely of braunite similar to that of 
Eachi Dhana and many other deposits in the Central Provinces, 
hollanditic ore being obtainable in situ only in one corner of the 
pit; but hollanditic ore is the predominant type in the talus-ore 
lying on the slope of the buried hill. It thus becomes evident that 
the hollanditic ore is a surface modification of the normal type of ore, 
although the source of the strontium contained in the fermorite is 
still unknown. It is probably a case of the surface concentration of 
constituents thst were always present in minute quantities in tlie 
primary ores (c.^., arsenic, another constituent of fermorite). That 
the braunitic ore now exposed must be regarded as a primary ore 
of Archeean age is shown by the fact that this particular type of 
ore and not the hollanditic type, has been invaded by great masses 
of p^matite, which now enclose large blocks of the braunitic ore. 

26. It is thus seen that Qowari Warhona, Kachi Dhana and 
Sitapar, all agree in proving that the main manganese-ore band was 
in existence before the pegmatite was intruded. The clear evidence 
that the special type of ore characterising the original outerop at 
Sitapar was a secondary surface modification points to the pos¬ 
sibility of such changes, though evidently to a less marked degree, 
in other deposits in the Central Provinces. Thus Dr. Permor reccffds 
that the Balaghat deposit shows abundant evidence of surface modi¬ 
fication, although there is not any marked mineralogical change. It 
will not, however, be surprising if the finely granular hollanditic ore 
of this deposit comes to an end by the* time water-level is reached, 
which will probably not be for y^s as the deposit is in a hill. It 
is interesting to note that at Balaghat there is a slow but gradual de¬ 
crease in tbe manganese content of the ores with increasing depth of 
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workiiig. This may mean that the formation of the hollandite was 
accompanied by a dight enrichment. On this interpretation the 
decrease in manganese content would be expected to cease when the 
primary ore zone was reached. Fortunately in many of the manganese 
mines this primary ore seems to be up to the standard of first-grade 
ore. 

« 

PAL/EONTOLOQY. 


27. Messrs. Pilgrim and Cotter have completed a joint paper em¬ 

bodying the stratigraphical and paleeontological 
cene mamm i. results of their study of the fossil mammals found 

by Mr. Cotter in the Pondaung Sandstone of Myaing in the Pakokku 
district in Burma and already referred to in the last General Report 
{Recordsf Geological Survey of Irdia, XLV, 107). The mammalian 
remains include species of the AnthracolheriidcB and TilanotheriidcB, 
and have been referred partly to the genera Anthracotherium and 
MeUmynodon, while two new genera, Anihracohyus and Anthracoheryx, 
have been established for certain species which cannot appropriately 
be referred to Anthrac(^herium. Five fragments of upper molars, of 
which the genus is indeterminate but which may possibly belong to 
the titanotheroid genus Telmatherium, have been described under a 
new specific name birmanicurn. As these fossils are the first mamma¬ 
lian remains that have been found at such a low horizon in Asia, 
the determination of their age must be based rather on their strati¬ 
graphical position than on the evidence to be obtained from the 
fossils themselves; comparison with mammalian faunas of such 
remote regions as Europe and America could not be expected to 
give reliable results. At the same time such evidence of age as the 
fauna affords is, according to Messrs. Pilgrim and Cotter, in entire 
accord with that furnished by the stratigraphical relations of the 
Pondaung Sandstone, which underlies the Yaw stage with Num- 
mulites yawensis Cotter, Orthopharagmim sella d’Arch., Velates Schmi- 
deU Chemn., Cyprcea degans Desh., and Gosavia binmnica Dalton, 
an assemblage which points decidedly to an upper eocene age. 
Messrs. Pilgrim’s and Cotter’s paper appears in this part of the 
Records. 

28. Mr. Vredenburg hai^ now completed a preliminary description 

of new species of the Tertiary Mollusca of 
wISwnTndUu ** ^ probably be published in a special 

vdume of the Memoirs pending the prepara* 
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tion <A « folkc and more detailed description of the vhole material 
for publication in the PaUBontciogia Indica. 

29. In the Oeneral Report for last year reference was made to a 
memoir by M. Douvill4 on the Cretaceous and 
ol met***** *"^ ******* eocene fossilB collected in the neighbourhood of 

Kampa.Dzong and Tiina in Tibet. It h|^ now 
been decided, with the sanction of the Government of India, to publish 
M. DouviU4’s work in the original French and it is hoped to issue 
it as a memoir of the Pcdceontalogia Indica during the year 1916. 
The results of M. Douvill4*B eicamination of the fossils are of con-* 
siderable interest. It has already been pointed out in Memoirs^ 
Vol. XXXVI, part 2, that the lower stages (neocomian to albian) of 
the Cretaceous are probably represented by certain unfossiliferous 
beds, the fossiliferous horizons beginning with the Cenomanian which 
oontainB characteristic cephalopods belonging to the genera Aeon-’ 
thoceras and TurrUUee. Professor Douvill4 confirms most of the 
preliminaiy determinations published in that memoir and adds 
other forms not then identified; part of the supposed cenomanian has 
been*removed by M. Douville to the turonian. A considerable number 
of fossils have been described from the Upper Cretaceotn^, including a 
new species of Plagioptychns. M. Douvilld regards as a new species 
the form determined by me as Vdates Schmideli and describes it under 
the name V. tibetiem ; he also regards the beds in which it occurs 
as Cretaceous rather than Tertiary and he has carried the boundary 
between the Cretaceous and Tertiary considerably higher than it was 
placed by me. His reasons for this appear to be based on the 
Foraminifera and chiefly on the occurrence and distribution of the 
Ofhitoidee. 


30. M. Fouxtau’s re-examination of the echinoids of tiie Bagh 
Beds has led him to the conclusion that that 
BaghBedfc* ** **** “ slightly older than has hitherto been 

supposed and that, instead of being of ceno¬ 
manian age, it should be referred to the albian. M. Fourtau revises 
certain of the original determinations by Duncan {Records^ XX, pp. 
81-92) and re-describes seven species, of which five had been re¬ 
ferred by Duncan to species already described either by d’Orbiguy 
or by Cotteau ; these five M. Fourtau regards as new species, and he 
has therefore given them specific names; they are Saknia KeaUngei 
Fraaai Duncan), Cyphosoma namadieum (=>C. cenomanenee Du^ 
can)* Echindbriesue Raydeni Ooybeli Duncan). Hemiarter Oddhaim 


0 
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{r=H, cenomanemis Duncan) and Opisaster stdmmUis {^N, smidM 
pars Duncan). M. Fourtau’s paper was received in 1914 but has 
not yet been published as the preparation of the plates, which was 
undertaken by M. Gauthier in Paris, has been delayed owing to 
the war. It is hoped, however, that it may be possible to issue it 
shortly. 


31. hr. S. S. Buckman was still engaged on the preparation of a 

memoir on the Jurassic brachiopods from the 

Namyau Brachlopofla. 

to a complete reclassification—already referred to in Vol. XLV of the 
Records —of the RhynchonellidcB and Ter^atvlidcB has proved to be 
more extensive than had originally been expected and the memoir has 
already extended from an estimated length of between 50 and 100 
pages of the PalcBordologia Indica to over 200; it is hoped, however, 
that it may be possible to issue the memoir during the course of 
Ihe year 1916. 

32. Mr. F. B. Cowper Beed has very kindly undertaken, at my 

request, the description of a series of Devonian 
fossils collected by me in the course of a 
Pamin. *" * journey through Chitral and the Bussian Pam¬ 

irs in the summer of 1914. The specimens were 
sent to Mr. Beed last year, and he informs me that, so far, he has found 
among them only Upper Devonian forms. During the same journey 
I collected also Carboniferous and Jurassic fossils, but have not yet 
been able to make arrangements for their description. 

33. A few years ago Prof. A. C. Seward suggested that it might be 
desirable, in the light of recent work to re-examine 
Feistmantel’s original types of Upper Gondwana 
plants, more especially the cycads and the 

conifers; the c-ollection was therefore forwarded 
to Prof. Seward, who is now studying it and hopes before long 
to be able to ofier his results for publication by this Department. 

34. At the suggestion of Professor Seward Miss B. Holden, who has 
been working at the Botany School, Cambridge, 
has ofiered to the Geological Survey, for pub¬ 
lication in the Records, a paper by her on the 

fossil wood which is such a remarkable feature of the Upper Tertiary 
(Iiiawaddian) beds of Burma. Hitherto no specimen had been com¬ 
pletely worked out and described, partly owing to the* diffiouKy of 
^ding any in a sufficiently perfect state of preservation. Miss Holder 
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Hamev&i obtained a fairly wdl-preserved specimen from Gwebindon* 
in Sagaing district, and was able to make both longitudinal and; 
tiansyerse sections, from a study of wkich she has come to the con¬ 
clusion that the wood is referable to the family DipterocarpacecBj and 
she names the species Dipterocarjioxylon burmense. It is hoped, to 
include Miss Holden’s paper in the current volume of the» Records.; 
its issue, however, will be delayed owing to the non-arrival of the 
plate, the whole edition of which had been prepared in England and 
was presumably lost on the s.s. Persia 


ECONOMIC ENQUIRIES. 

4 ■ » 

Buflding Stone. 

36. The serious decay ^ of the stone of which the Town Hall of. 
Simla was built led to the demolition of that building and since Vice-, 
regal Lodge at Simla was also built partly of the same mataial, it. 
was decided that an investigation should be made in order to deter¬ 
mine what steps should be taken for the preservation of. the latter 
bunding. The stone chiefly employed is grey limestone; this has 
been examined minutely by Mr. Tipper, who finds it to be crystalline, 
and granular and to contain numerous accessory minerals, such as 
quartz, mica, iron pyrites, pyroxene and scapolite; cementing mater¬ 
ial is absent and there is very little interlocking of the grains. The, 
rock has suffered from pressure which has produced either a finely 
crystalline structure or a rough foliated or banded arrangement of 
the constituent minerals. Mr. Tipper considers that the cause of 
decay of this rock is exposui’e to rain and moisture, for in protected 
situations the stone appears to be perfectly sound whilst the micro¬ 
scopical examination of the decayed material shows that the dis-. 
integration is not due to alteration of the constituent minerals, but 
has apparently resulted from a small amount of solution taking place 
round most of the calcite grains and thus leaving small spaces between 
them. Another rock employed in the construction of Yiceregal 
Lodg^ is a soft argillaceous sandstone obtained from the Upper 
^ertiary beds at Ealka. Although of minor importance in the build¬ 
ing it has suffered greatly from cracking; it has a very low degree of 
grain adherion and is not suitable except for light work. Certain 
reniedial measures have bem suggested to arrest the decay .of the, 
limestone,, but Mr. Tipper recommends that in all situations 

o2 
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which are exposed to rain or moisture generally it should be replaced 
by better stone such as the Sanjauli quartsite. 


, Cobalt. 

35. At the instigation of the Director of IndustrieSj United Pro¬ 
vinces, enquiries were made into the fessibOily of obtaining cobalt 
oxide from the old mines in Jaipur, which have long been shut 
down in consequence of the impc^ of purer and cheaper material 
frmn abroad. The chief demand for the oxide is connect with the 
indigenous bangle industry for which blue glass is required. In recent 
years enormous quantities of bangles have been imported, first from 
Austria and, since the outbreak of war, from Japan. It appears 
that the indigenous glass manufacturers imported their cobalt oxide 
also from Germany or Austria, instead of from Canada, the world’s 
chief producer. On the outbreak of war the Indian consumer was 
unaware that he was purchasing an article which was a Gmnan re¬ 
export instead of dealing direct with the country in which it was 
manufactured and he was, therefore, put to inconvenience for some 
time for lack of his colouring material. He was subsequently put 
into touch with English exporters and there has recently been no 
difficulty in obtaining the oxide required. In the meantime a certain 
amount of work has been undertaken by the Jaipur Dsrbar in 
extracting samples of ore from the mines, and specimens have been 
sent to the Geffiogical Survey for examination. In view, however, 
of the fact that the cobait oxide is produced as a by-product in 
Canada it was considered improbable that the impure local material 
could compete with the imported article, and it was recommended 
that no further steps should be taken towards re-opening the mines. 
The case is interesting as an example of the manner in which Germany 
had captured the Indian market and was even supplying it with a 
product practically the whole of which was produced in the British 
Empire. 

Engineering Questions. 

36. An extensive landslip having occurred at Mangla, the head- 

works of the UppCT Jhelum Canal, the Secretary, 
AdtHn^mal?" '^******^ Irrigation Department, Punjab, asked for a 

report on tiie local geological conditions; after 
inspecting the slip I arranged for Mr. A. M. Heron to spend a few 
days at the head-works and malm a careful examlnatioii of the slip. 
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The zemiit has been to show that the oonditions which led to it aie 
not likely to lecni if the necessaiy precautions are taken. 

37. In consequence of the damage done to the hfll section of the 
Asaam-Bengal Railway by the excwve rain¬ 
fall of July 6th to 9th, 1915, {he services of an 
i^cer of the (Geological Survey were asked for 
by the Bailifnty Board for a thorough examination of the hill¬ 
sides and cuttings. Mr. C!oggin Brown was detailed to undertake 
this and visited the section in August last. He subsequently handed 
in a report in which he made various recommendations, which, if 
carried out, will minimise the danger of future slips. 


Hin wctloti, Attui' 
Baigal Railway. 


Manganese. 

38. In his Progress Report for the season under report Mr. Burton 
gives descriptions of numerous manganese-ore deposits, several of 
which have not been previously described. These latter are:— 
Saonri, Sailur, Chandi Nala, Garari Hurki, Chikmara, Chaokhandi, 
Saonghi-Atri, Bhansi, Nandgaon, Budbuda, Laugur, and Ehara, 
8 ! of which, with the exception of the two last-named, lie in the 
Katangi plain. Mr. Burton also gives notes amplifying descriptions 
previously given by Dr. Fermor of other deposits, and in particular 
supplies a senes of interesting sections showing the results of over¬ 
thrusting at the Balaghat (Bharweli) manganese j^dne, and of the 
complicated folding that has afiected the Thirori deposit. For 
various reasons Mr. Burton is inclined to refer these manganese 
deposits to two distinct horizons. The deposits of Balaghat, Laugur, 
Ukua, and Khara, demonstrably lie close to the base of the CMlpi 
Ghat smes, the exact position in the succession of beds forming 
this seri^ being given on page 38. On the other hand the deposits 
situated in the Katangi plain, together with associated quai^tes 
and muscovite-schists, are folded up with gneisses in an area of 
generally more intense metamoiphism. Dr. Fermor, in his account 
of the deposits of this area^ attributed to greater general meta¬ 
morphism at a lower altitude and presumed greater depth below 
the ancient surface any mineralogioal differences that exist between 
these deposits and those associated with the Chilpi Ghat series in 
the Balaghat-Ukua syncline. The evidence is not yet decisive, 

1. Jfem., O. 8. L, XXXVII, pp. 310-814; tJie disoovery by Mr. Burton tbe 
oooglomentio gneiu of Ukua !■ an autoolastio rook doei not Titiate the ugument. 
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but as a result of bis more detailed survey, Mr. Burton is disposed 
to regard the Kataugi group of deposits, together with the associat¬ 
ed quartzites and muscovite-schists, as belonging to his Sonawani 
series, the type area of which lies in the hills to the north. His 
chief reasons for this are (1) the presence of a thin band of calc- 
granulite overlying the manganese-ore band at Garari Hurki and 
to the east of Ponia in the Katangi plain; add (2) the existence in 
the Koka-dadar Lotan hill-mass, in the hills to the north of the 
Katangi plain, of a small outcrop of manganese-ore in contact 
with, and probably underlying, a thin band of calc-granulite, which 
may be a much-diminished equivalent of the main mass of the 
Sonawani calc-granulites. As these latter lie at or near the base 
of the Sonawani series (see Rec. G. S. L, XLV, p. 132) the occurrences 
referred to suggest that the manganese-ore deposits of the Katangi 
plain should also be referred to this stratigraphical position and 
grouped with the manganese-ore deposits associated with crystal¬ 
line limestone ref^red to in the previous report (1. c.). 

Mr. Burton also notes a case—at Bhansi in the Katangi plain— 
analogous to those described by Dr. Fcrinor from the Chhindwara 
district of pegmatite enclosing fragments of nianganeso^orc. 


Molybdenite. 

39. Towards the end of the year specimens of molybdenite were 
received from the Executive Engineer, Godavari Northern Division, 
Itajahmundry. The material consisted of pegmatite, containing a 
considerable quantity of molybdenite, which had been obtained from 
a well which was being sunk at Kunnavaram, in the Rajahmundry 
taluk of the Godavari Agency Tract. As molybdenite is at present 
worth about £600 per ton and is in considerable demand for the 
manufacture of high-speed tool-steel, it was considered advisable to 
investigate the occurrence at once. Mr. G. de P. Cotter proceeded to 
the locality but after a careful examination of the neighbourhood has 
come to the conclusion that the occurrence is merely sporadic and 
that there is no reason to suppose that any large quantity will be 
found. ^ 

1 Mr. Cotter’s visit to Kunnavaram was paid actually in the beginning of the year 
1908 and does not, therefore, strictly speaking, fall within the period with which' the 
present report deals, but owing to the importance of the moneral at present, it has 
seemed aavisablo to publish this information at once. 
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Petroleum. 


Burma. 


40. Oil-shows were found by Mr. Cotter in various parts of the 
country mapped by him daring the field-season 
in Pakokku district, especially along the Myaing 

anticline and near Kyaukwet (Sheet 84K-10). The structure, how¬ 
ever, is unfavourable owing to the intense faulting. Seven miles 
south-west of Kyaukwet, near the village of Palangaing, there is a 
gentle anticline of Pegu beds rising from beneath the Irrawaddy 
sandstones, but it is very doubtul whether it is worth testing. 

41. On his way back to headquarters from the Northern Shan 
States, Mr. Brown’s seiwices were diverted for a short period to 
enable him to take part in a conference held at the oilfields in order 
to discuss the questioji of the advisability or otherwise of permission 
being accorded to the sinking of a well in the bed of the Irrawaddy 
between Singu and Yenangyat. 

42. During the latter part of the field-season of 1914-15, Sub- 
Assistant S. Sethu Rama Rau examined the Uyin anticline near 
Allar myo in Thayetmyo district. The fold, which can be followed 
for over seven miles, is an asymmetric one having a NW—SE strike 
which changes to E-W near Kyetyongale. Near Tebin the Pegu 
beds pass under the overlying Irrawaddy series. 

43. During the earlier part of the year, Dr. B. H. Pascoe continued 
his investigation of the known oil seepages in 
the Punjab; he visited Jaba, Isa Khel, 

Mardwal, Khabakki, Khaur, Sudkal, Chharat, Murat and Misnot. 
Most of these localities appeared to offer no great hopes of successful 
exploitation, but at Mardwal and Khabakki seepages occur on an 
open anticline of favourable shape and with gentle dips; the rocks, 
however, are hard and impervious. At Khaur, where a seepage was 
found by Mr. E. S. Pinfold, the structure appears to be highly 
favourable over an extensive area and a well put down on behalf of 
the Attock Oil Company struck oil at a short distance below 
the surface. I visited the field in November and found that steps 
were being taken to test it thoroughly with a view to energetic de¬ 
velopment. The results of these tests will be awaited with interest, 
more especially as the oil occurs at a horizon considerably higher 
than that at which it has been found in Burma and if its present posi¬ 
tion is due, as suggested by Mr. Pinfold, to migration from lower 
horizons, its occurrence in any considerable quantity will very greatly 


Punjab. 



24 Records of the Geological Survey of India, [VoL. XLVlt. 

enlarge the held over which search for oil may be made in the Punjab 
with reasonable hopes of success. 

Potash Salts. 

44. The investigations, referred to in the last General Report with 
regard to the potash salts of the Salt Eange, were continued during 
the year under review, first by Dr. E. H. Pascoe and subsequently by 
Dr. M. Stuart, the latter officer having been detailed to examine the 
numerous outcrops of salt which occur in the Kilawan ravine. Dr. 
Stuart’s investigations are not yet complete, but, so far as they go, 
offer no great hopes of the discovery of large quantities of potash 
salts. The band previously discovered in the Nurpur mine has been 
followed for some little distance and found to be continuous; should 
it extend further down the ravine beyond the mine, it should be 
possible to trace it among the outcrops. This, however, will involve 
time and a considerable amount of excavation since, owing to their 
greater solubility, potash salts may be absent from outcrops while 
present in deeper parts of the beds which have not been exposed to the 
leaching effect of surface waters. Potash-bearing material has also 
been found at the Warcha mine. 

Pyrite. 

46, At Hungwe (23°7': 97° 11') and near Man Pat (23°12' : 97°11') 
in the Northern Shan States, Mr. Brown found several quartz veins 
carrying large quantities of iron pyrites which, however, did not 
yield any gold or other valuable metal when sxibsequently assayed. 
The inaccessible nature of the locality renders the pyrites of no 
value at present as a source of sulphuric acid. 

Tungsten. 

46. The fact that practically the whole supply of tungsten and 
ferro-tungsten used by Great Britain before the war was obtained from 
Germany led to a great scarcity of those materials during the 
year 1915 and steps were taken to establish works in England 
for the manufacture of ferro-tungsten and tungsten steel in the 
country. The company known as the High-Speed Steel Alloys 
was formed for this purpose and works were erected at Widnes in 
Lancashire. In consequence of the greatly increased amount of 
tungsten steel required in connection with the manufacture of muni- 
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tions, steps were next taken to increase as far as possible the output 
of the raw material, and all wolfram produced in the British Empire 
was ea]>marked for despatch to the United Kingdom; in order to 
provide against any possible attempt to hold up ore all shipments 
reaching British ports were taken over by the British Government 
at a fixed rate of 55^. per unit of WO 3 on a basis of 65 per cent 
ore and were distributed to manufacturers through brokers appointed 
for that purpose. 

47. The increase of price from the pre-war rate of about 30s. per 
unit to 55s. might have been expected to lead 
to a great increase in local mining activity in 
Tavoy, which district is the chief source of wolfram in the British 
Empire; this expectation was not realised and it became necessary 
for the Local Government to step in and insist on concessionaires 
fulfilling the terms of their contracts by working energetically and 
efficiently. For this purpose the Government of Burma appointed 
the Deputy Commissioner, Tavoy, whose experience of the industry 
had already extended over a year and half, as special officer in charge 
of the mining administration of the Tavoy district. It was further 
decided that a member of the Geological Survey should be associated 
with the Deputy Commissioner as expert technical adviser, 
and also to assist mine-owners, many of whom had no mining engi¬ 
neers in their employ, with advice as to the best methods by which 
to develop their properties. Mr. Brown’s extensive knowledge and 
long practical experience of ore-bodies and metal mining made him 
eminently suited for appointment in this capacity and his selection 
has been abundantly justified by the results already attained. With 
him are also associated Sub-Assistants S. Sethu Rama Rau and M. 
Vinayak Rao, the one to assist Mr. Brown in the examination of 
existing properties and the other to search for new ore-bodies. Mr. 
Brown arrived in Tavoy shortly after the middle of October and 
by December Slat, the end of the period with which this review deals, 
he had made altogether over 50 inspections and this in spite of the 
fact that the properties inspected lie in all parts of the Tavoy district 
and often at a distance of 50 miles or more from Tavoy, while at the 
time of Mr. Brown’s arrival only two properties were accessible by 
any road along which wheeled traffic other than bullock carts could 
travel. In addition to the measures taken for the inspection of the 
properties, a considerable labour force has been imported to meet 
the requirements of those local producers who are unable to import 
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labour for themselves. In view of the considerable increase already 
attained owing to the efforts of the highly efficient administrator 
with whom Mr. Brown is associated, it may safely be anticipated 
that the coming year will see a large increase in the total output from 
Tavoy. The most rudimentary knowledge, however, of mines and 
mining methods, more particularly where metal mining is concerned, 
must make it dear that increased output cannot be expected as the 
immediate result of an increased labour force, dnee development, 
which involves driving through hard rocks, such as the quartz lodes 
and granite of Tavoy, can only proceed at a limited pace. No great 
increase therefore over the output now attained can be expected for 
some months, until in fact a considerable amount of development 
has been done. The present season is also unfavourable for increased 
output, since water is not now available for alluvial mining and 
most of the output must therefore come from the reefs until May, 
after which the rainy season will provide water for sluicing purposes. 

48. With a view to increasing the output of other districts 

. ... ., Mr. H. Walker was deputed to inspect and 

Mergul and Mawchi. , ix • • ht • 

report on wolfram-bearing areas in Mergui, as 

well as on the Mawchi mine in the Bawlake State of Karenni. It 

is hoped that his reconmiendations may lead to an increased output 

in these areas also. 

49. In the General Rejtort of the Geological Survey for the year 1913 

reference was made to the occurrence of wol- 
^ ’ fram near Degana railway station on the Jodh- 

pur-Bikaner Railway. The wolfram occurs in quartz-veins in three 
small hills and an attempt has recently been made to extract and 
export the ore. I visited the locality during a recent tour in Raj- 
putana. The hills consist chiefly of granite penetrated by a number 
of veins which are approximately vertical and run either NW-SE 
or NNW-SSE. From the plain at the foot of the largest of the three 
hills the veins are seen very clearly running up the face of the hill, 
which is about 500 feet high. The veins consist usually of coarsely 
crystallised mica on the outside edges next to the country, with 
quartz and wolfram in the centre. The wolfram, however, sometimes 
occurs also with the mica. The veins are usually from a few 
inches to a foot in thickness, but in some instances, as on the north¬ 
western side of the big hill, they are two or three feet wide. In one 
place on that side of the hill there is a very large mass of quartz prob¬ 
ably 20 feet by 20 feet and of unknown depth, which contains con- 
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siderable quantities of wolfram. Work is being carried on now in a 
large number of places on the big hill and on a small hillock to 
the south-west of it. The veins are being worked by open quarries, 
but so far the amount of work done is quite insignificant and 
amounts only to preliminary prospecting. I was unable to ascertain 
the average value of the veins that are being worked, as the 
present workings are too small and too local to give reliable 
results; they are, however, suflBiciently rich to make working 
under present conditions a profitable enterprise. Labour is 
cheap, unskilled workmen being paid 4 or 5 annas per diem 
and blasting mistris one rupee. Small parties of workmen are 
engaged at various points quarrying out the lodes, some working 
near the foot of the hill, others higher up and some near the 
top. The disposition of the lodes, which arc vertical, makes 
quarrying a perfectly straightforward operation, but the present 
method of working high up on the hill-side from above downwards 
will no doubt be discarded when the work has extended beyond 
the prospecting stage, when it will be advisable to mine by 
means of galleries at various elevations. Most of the veins at present 
exposed are thin, and if the price of wolfram falls appreciably in the 
future, it is possible that the cost of extraction at Dcgana may become 
prohibitive, since every inch of rock has to be blasted. Mining will 
therefore bo expensive. If we assume—which seems justifiable—that 
the veins are on the average as good inside the hill as they are on the 
surface, there is undoubtedly a considerable amount of wolfram to be 
had here. The amount being won at present is very small, since the 
concessionaires are working on quite a small scale, their output at 
present being, I understand, only about Uewt. per diem. By increasing 
the number of working places and by a corresponding increase of 
labour stafi, they ought to be able to treble or quadruple their output. 
This they will probably do as they begin to find their feet, for it will 
be to their interest to extract as much ore as they possibly can while 
the present inflated prices continue to prevail. The future of the 
property will depend on the condition of the wolfram market when 
conditions again become normal after the end of the war. If the 
more superficial workings prove the veins to be continuous and fairly 
rich, it may ultimately pay to undertake deep mining. At present 
the extent of the veins is unknown ; the hills in which they occur stand 
out in a small isolated group completely surrounded by sand and 
alluvium. The life of the mine will therefore ultimately depend on 
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the depth below the plain level to which workings can be carried 
profitably. 

60. Specimens of wolfram, said to have been found in Singhbhum, 

have also been recently received by the Geolo- 
Singhbhum. • i « 

gical Survey. 


Ranchi. 


Sambalpur. 


Water. 

51. At the request of the Superintending Engineer, Western Circle, 
Banchi, Mr. A. M. Heron was deputed to 
report on the possibility of obtaining an im¬ 
proved water supply for the Police Training College, at Hazaribagh. 
As the total amount of water required daily proved to be only 
2,000 gallons, the matter was a simple one which hardly called for the 
special employment of a geologist. The steps recommended by 
Mr. Heron will no doubt result in the necessary increase in the 
existing supply. 

52. In consequence of another request emanating from the same 
quarter. Dr. L. L, Fermor visited Sambalpur 
in order to advise the Executive Engineer 

regarding the most suitable sites for sinking wells. Part of the 
civil station is built on, a ridge of schistose quartzites and quartz- 
schists of Dharwarian aspect and part of it on the Mahanadi alluvium 
at a lower level, the alluvium covering quartzose rocks in the vicinity 
of the ridge, and a series of greenish chloritic gneisses, or what is 
probably their uncrushed original form, a hornblende-granite, else¬ 
where. Sufficient water seems to be obtainable from wells sunk in 
the alluvium wherever this is thick; local difficulties have arisen in 
cases in which wells have been sunk in the elevated ground of the 
ridge and where the alluvium has proved to be thin and gneiss has 
been found close to the surface. It was recommended that one 
well on the ridge should be deepened as an experimental measure, 
whilst a site for a fresh well in the alluvium was selected. It is 
advisable that in future search for water here should be confined to 
the alluvium. 

OEOLOOICAL SURVEYS. 


Bombay, Central India and Rajputana. 

53. The party consisted of Messrs. C. S. Middlemiss, E. Vreden- 
burg (during Mr. Middlemiss* absence), A. M. Heron and Dr. M. 
Stuart. 
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54. Mr. Middlemiss was at headquarters and on leave during the 

year until the beginning of the field-season of 
^^Mr. C. S. Mlddlemtoi: 1915 . 1916 ; in his absencse Mr. Vredenburg 

was in charge of the party. In December, 
after the joint investigation referred to below (page 31), Mr. 
Middlemiss returned to Idar State for a short period with the object 
of settling a few doubtful points that still remained undecided with 
regard to the geology of that area. 

55. Mr. Heron continued his survey of the Aravalli region in a 

southerly direction by taking up the re-mapping 
*^and ’ Kishengarh State and the British district 

Merwara. of Ajmer-Merwara, together with a small por 

tion of Marwar (Jodhpur) State Immediately 
adjoining the western border of Kishengarh. The Standard (1*—1 
mile) sheets of the Central India and Eajputana Survey worked on 
are nos. 166 and 196 to 199, of which nos. 196 and 198 are now 
completed except for the portions of Jodhpur State included in 
no. 196. Up to March 25th Mr. Heron had the co-operation of 
Dr. Stuart over sheets 196 to 199. 

56. Apart from alluvium, which presents no features of novelty, 
the rocks were found to consist of members of the Aravalli system 
to the south-east of a line running past Kishengarh city, and 
the Delhi system to the north-west of that line ; the former, as 
surveyed principally in sheet 198, being a monotonous series of 
dark schists or granulites, composed of biotite, quartz and 
microcline, with a little muscovite, garnet, apatite and iron ores, 
and occasionally, sillimanite or (?) andalusite. A few discontinuous 
and lenticular patches of quartzite occur among these, but they were 
found to be always dark-coloured, impure and micaceous or garneti- 
ferous, differing materially from the quartzites of tJie overlying 
Delhi system. Mr. Heron is disposed to regard these Aravalli 
schists as possibly very highly altered sedimentary rocks. 

67. The Delhi system, chiefly developed north-west of the line of 
Kishengarh city, presented new and formidable difl^culties owing to 
the presence of various new types, such that the division of them into 
Ajabgarhs and Alwam (as in the eastern Rajputana areas) is now no 
longer feasible. As the full succession is at present doubtful, it will 
be convenient to awuit the results of further work in the better 
exposed and more continuous sections near Beawar before going 
into details concerning it. Briefly the sy8tem> us at present regarded, 
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comprises a varied assemblage of quartzite, arkose, conglomerate, 
siliceous and biotitic limestone, white marble, ferruginous limestone, 
biotite and muscovite schists, gametiferous schist, talc and chlorite 
schists, serpentine and tremolite quartzite (calc-gneiss), all arranged 
in more or less parallel outcrops among which the quartzites 
stand up prominently as elevated ridges. Most of this vast assem¬ 
blage has the appearance of holding together in some sort of sequence 
and builds a type of country very different from the normal Aravalli 
country to the,south-east and most of it without much doubt must be 
placed with the Delhis, i.e., with a system separated by an uncon¬ 
formity, with thick conglomerate, from the older Aravalli formations 

58. The igneous rocks of the area may be referred to briefly as a 
whole. In interest and variety they surpass those found in the Delhis 
in previous years. They emWce (1) fine-grained granite pegmatites 
with biotite, which are injected into the Aravalli schists in great 
profusion, producing the “ migmatite ” of Sederholm : these are 
confined to the Aravallis and are pre-Delhi in age; (2) coarse 
granite pegmatites with muscovite and tourmaline, which pierce 
both Aravallis and Delhis; (3) intrusive granite in masses of all 
sizes, from 9 miles wide downwards, of which Mr. Heron recog¬ 
nises many types accordmg to the mineral character and degree of 
foliation found, some of these being post-Delhi and others pre- 
Delhi and truncated by the basal Delhi conglomerate; (4) the 
well-known elseolite syenites and related old intrusives (which Mr. 
Heron proposes to describe in a special paper) ; (5) amphibolites 
resembling those described in previous years in Alwar and Jaipur, 
and found intrusive in both Aravallis and Delhis, though best 
developed in the ridges of Delhi Quartzite; (6) a few other 
miscellaneous types, some of doubtful igneous origin, including 
coarsely crystalline garnet rock, serpentine, dolerite (wirii olivine) 
and a few others. 


59. Dr. Stuart, besides being associated with Mr. Heron in the 

„ „ , above-mentioned investigations, spent a short 

Dr. M. Stuart. .. , t .i 

tune alone near the end of the season m a 

limited area on sheet 198 with the specific object of mapping the 

lithological variations found in the parallel bands of the complicated 

Delhi rocks. Dr. Stuart has sent in a separate progress report on 

this subject and, in so far as a brief summary can do, his results 

have been included in the above notes referring to his work jointly 

with that of Mr. Heron, i 
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60. ■ This brief reference to the work done in Rajputana, "vrith its 
implication of many abstruse problems still awaiting solution, is 
necessarily an incomplete statement of the numerous partial solutions 
and descriptions that appear in the full reports by Mr. Heron and 
Dr. StTmrt, but which, in consideration of the extremely difficult 
nature of this crystalline complex, may perhaps with advantage 
await the fruits of fuller and more intimate knowledge before 
being further discussed in greater detail. 

61. While in temporary charge of the Central India and Rajputana 

party Mr. Vredenburg had occasion to visit 
The Director, Mr. certain parts of Karauli State which had been 

burg and Mr. Heron ; mapped by Racket m the years 1869 and 1882 ; 
Karauli State. the survey had been revised by Mr. Heron 

during the season 1913-14 and Mr. Vredenburg 
found himself unable to accept the interpretation of the strati¬ 
graphy and the classification finally adopted. Mr. Heron had 
referred the rocks to one or other member of the Vindhyan system 
and believed that he had recognized all the stages between the 
Tirohan breccia and the Upper Bhander sandstone. As the 
question is one of prime importance so far as the re-survey 
of this part of Rajputana is concerned, it was decided that the 
ground should be visited by me, with Messrs. Middlemiss, Vreden¬ 
burg and Heron, and the question of correlation examined in detail. 
On the way, visits were paid to the type section of the Tirohan 
limestone and breccia near Karwi in the Banda district of the 
United Provinces and to sections of the Gwalior system in Gwalior 
State. Subsequent re-examination of the rocks of Karauli made it 
clear to all members of the party, including Mr. Vredenburg, that 
the classification adopted by Mr. Heron was correct and that the 
contrary opinion at first held by Mr. Vredenburg was due partly to a 
misinterpreted section and partly to the unusual degree of induration 
of the Bhander sandstone in Karauli, which gives it a superficial 
resemblance to rocks of considerably greater age. Mr. Heron’s 
work throughout the area visited proved to be careful, accurate 
and reliable. 


Burma. 

62. The Burma party consisted of Messrs. G. H. Tipper, G. de P. 
Cotter, J. C. Brown, and Sub-Assistant S. Sethu Rama Rau. Mr. 
G, H. Tipper, owing to an attack of enteric, when at Simla in 
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December 1914, was unable to proceed to Burma in the beginning 
of 1915. He joined the Indian Army Reserve of Officers in April 
1916. 

63. Mr. G. de P. Cotter continued the survey of the Pakokku 

district to the northward of the area mapped 
Mr. 0. de P. Cotter during the preceding season. A strip of country, 
and Sub Assistant S^hu gome 60 miles broad, from the neighbourhood of 

andThayetVyo. * “ “ Myaing to Tilin, was mapped on the scale of 1" 

= 1 mile. This strip lies between latitudes 21° 
30' and 21°45'. Near Myaing (sheet 84K-14) a faulted anticline 
runs NNW-SSB exposing rocks from the Irrawaddy Sandstones 
and Pegus above to the Pondaung Sandstones at the base. These 
last are especially interesting since they contain remains of 
the Eocene mammals already referred to under the section “ Pales- 
ontology” {supra, p. 16). In the Tilin area freshwater sandstones, 
containing remains of Rhinoceros sp cf. sivalensis and therefore 
of Upper Tertiary age, rest unconformably upon lower eocene beds. 
These freshwater beds are probably to be correlated with the 
Irrawaddy Sandstones, but have been termed locally the Maw 
Gravels. 

In general the results of the previous season were confirmed, 
and additional evidence was obtained to prove the establishment of 
estuarine and freshwater conditions at an earlier age in the more 
northerly region of the Irrawaddy basin. 

64. Sub-Assistant Sethu Rama Rau was engaged in systematic 
survey work in parts of the Thayetmyo district covered by sheets 
158 and 169 of the Burma Survey (1''=! mile). During the earlier 
part of the the year, he examined several anticlines including those 
of Uyin, Kyawdo-Sanaing and Yein-Tamagyaw. The two last- 
named are in either the Sitsayan Shales or lower horizons and are 
formed chiefly of argillaceous limestone or indurated calcareous shale 
with subordinate bands of sandstone. The Uyin anticline was 
traced up to Kyebyongyi, and has been found to extend over a 
length of more than seven miles (see above, under Petroleum). 

Mr. Sethu Rama Rau’s work in this area was brought to a sudden 
and unfortunate end owing to his being attacked and* very seriously 
injured by dacoits at Monnakon. His injuries were so serious that 
he was carried into hospital at Thayetmyo. I am happy to say 
that he has now quite recovered. 
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65. During the latter part of the held-season of 1914-15, Mr. Brown 
took up the systematic survey of the country 
Shan'states*. lying to the west and north of the Bawdwin 

area, and succeeded in inap|jing some 500 
square miles of new country. On his way to the field he revisited 
the Bawdwin mine and made a further detailed study of the silver- 
lead-zinc-bearing lodes ; this led to some interesting results which 
may be of considerable importance from the economic point of 
view, for he has now defitiitely ascertained that the metalliferous 
lodes are confined to kaolinised and chloritised tuffs and not, as 
hitherto supposed, to a sedimentary series of felspathic grits; h^ 
also found evidence to show that the assumption that the ore- 
channel was limited by faults which had occurred after the miner¬ 
alisation of the lodes, was incorrect and that the Bawdwin series of 
igneous rocks extended over a considerably larger area than had 
previously been imagined. Tie now considers it probable that the 
sediments which overlie the Bawdwin rhyolites and tuffs represent 
the h)wer part of the Naungkangyi beds of the Northern Shan States 
and are therefore of Lower Ordovician age. 

06. After leaving Bawdwin, Mr. Brown proceeded to link up the 
map of that area witli that of the previously mapped districts further 
to the south. He then continued westwards and northwards into 
the Tawngpeng (23” : 07") and Mong Long (22Tj()' : 9(>"4O0 areas, in 
order to demarcate the boundaries of the intrusive Tawngpeng 
granite along its junction witli the mica schists of Mong Long and 
the Ohaung Magyi phyllites and slates; the boundary with the 
latter series proved to be an intricate one and, in the neighbourhood 
of Hai-taung (23”4': 97" 13'), a great tongue of granite was found to 
extend to witliin six or seven miles of the Bawdwin metalliferous 
area. The granite is a coarse, tourmaline-bearing rock, frequently 
containing large felspar phenocrysts ; it is always decomposed to a 
considerable depth, but is still hard enough to form the maze of 
branching ranges and deep ravines so characteristic of Northern Tawng¬ 
peng Basic dykes, chiefly of olivine gabbro, are occasionally found 
in the granite. 

67. A study of the country round Lao-ka-ya (23"10^* 97°18') and 
Mansak (23°12': 97"! 9') threw further light on the question of the 
stratigraphical position of the sediments which overlie the Bawdwin 
rhyolites ; they were found to underlie the lowest fossiliferous mem¬ 
bers of the Naungkangyi series and to lie conformably on the Bawdwin 

P 
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volcanic series; although they are unfossiliferous, their position 
indicates that their age is either Lower Ordovician or Cambrian. 
Mr. Brown has named this sedimentary group the Pang-yun stage, 
from the name of the river m which they are most clearly seen. 

In the neighbourhood of Mong-yok (23°13': 97®18') outliers of 
Plateau Limestone were found lying directly on the nluch older 
Pang-yiin stage. 

Central Provinces; 

68. The Central Provinces party during the field-season 1914-15 
consisted of Dr. L. L. Fermor, Messrs. H. Walker, K. A. K. Hallowes, 
and B. C. Burton. 

09, During a short field season Dr. Fermor continued the geological 

survey of the Sausar tahsil of the Chhindwara 

ChhlndwOT.'" lormations studied were, us 

before, the Archaean gneisses and schists, the 
Infratrappeans, the Deccan Trap, and the alluvium, older and 
newer. 

It 

Comprised in the Archaeans arc two main divisions, namely 
orthogneisses and schists, and rocks that are partly or entirely of 
sedimentary origin. The orthogneisses of the Sausar tahsil are 
predominantly biotite-gneisses, of which there are many varieties. 
The predominant felspar is microcline, but oligoclase, labradorite, 
and orthoclase also often occur. In places these gneisses are richly 
garnetiferons, sometimes apparently owing to pressure, but not 
always so. They also occasionally contain sillimanite, but the 
evidence indicates that the presence of that mineral is due to pres¬ 
sure and is not to be taken as an index of the presence of assimilated 
sedimentary material. There are also numerous basic hornblendic 
bands, the exact relationship of which to the biotite-gneisses is not 
known. It may be significant, however, that these hornblendic bands 
gradate into a hornblende-gneiss apparently indistinguishable from 
the gneiss referred to below. 

70. Intrusive in the biotite-gneiss is a great variety of pegmatites 
and granites. The former are predominantly muscovitic and the latter 
usually biotitic. From the latter there appears to be a gradation 
into the porphyritic gneisses interbanded with the non-porphyxitic 
gneisses of the general complex, so that the porphyritic gneisses and 
augen-gneisses (often rolled out into streaky gneisses) may be younger 
than, and intrusive into, the typical non-porph 3 rritic fine-grained 
biotite-gneiss of the Sau^r tahsil. Excluding provisionally the 
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homblendic gneisses, Br. Feimor, regards entire ortiiogneiss- 
granite-pegmatite complex as due to a succession of eruptions of 
various differentiation phases of one general primordial magma. 

71. The paragneisses and schists include calo-gneisses and -granuli- 
tes, calciphyres, crystalline limestones, and gonditic rocks. The origin 
of the various calcareous rooks, as studied by both Dr. Fermor 
in this area and by Mr. Burton in the Balaghat district, was 
discussed at some length in a previous report. The conclusion 
arrived at was that the calc-gneisses and -granulites are to be regarded 
as hybrids of a calcareous sediment and an acid intrusive. Near 
Jirola in the Sausar tahsil Dr. Fermor has found a series of rocks form¬ 
ed by the admixture of calc-granulite with the prevalent fine¬ 
grained biotite-gneiss of this area. Often the constituents of the 
two rocks have been imperfectly mixed and the ferro-magnesian 
constituents of the resultant compound rock are patchily distributed, 
the calc-granulite being represented by patches rich in hornblende, 
and the orthogneiss by patches rich in biotite. When the admixture 
has been more complete the hornblende and biotite are uniformly 
distributed, and, as the calc-granulite is itself regarded as a hybrid, 
the biotite-hornblende-gneiss must be T’ogarded as a hybrid of the 
second order. This latter rock is of frequent occurrence in the 
orthogneissic complex of the Sausar tahsil, and suggests the wide 
distribution of altered remnants of the sedimentary calcareous 
series away from the main, outcrops, 

72. No fresh information was elicited concerning the Intratrap- 
peans. In the previous re})ort reference was made to the discovery 
of a spindle-shaped fault-block near Iltekata, and to the probability 
that the Kauhan valley, which lies immediately to the west of 
Utekata, is occupied by an important fault striking SSE, with a 
downthrow of about 250 feet to the. west. From a study of data 
collected in previous years in the Nagpur district to the south, 
Dr. Fermor deduces that this fault probably continues southward 
as far as the latitude of Nagpur, passing somewhere between Nagpur 
and Kamptee, and accounting for the fact that the base of the 
Deccan Trap at Nagpur lies at an elevation of slightly under 1,000 
feet above sea-level, whereas the Suradevi Hills of Kamthi sand¬ 
stone near Kamptee reach a height of 1,070 feet mthout being capped 
by trap. This gives the fault a length of 50 miles, but it must be 
left to the future to show whether it is a case of one continuous fault 
or of a zone of faulting. As there is no evidence that the fault con- 

d2 
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tinues to the north of Ramakona as a factor of any importance, it is 
probable that the Utekata fault-block, the long axis of which is 
aligned E by S, is a part of the cross-faulting marking the northward 
termination of the Kanhan fault. A search for the continuation 
of the Utekata line of cross-faulting on the west side of the Kanhan 
fault in the neighbourhood of the villages of Kiiddam and Khajar- 
wani proved successful, but the faulting was found to be much more 
complex than expected. There appears to be a total downthrow 
of 176 feet to the south, the algebraic sum of numerous block-faults 
of small throw (often only 20 feet). It is possible also that the fall 
in the level of the base of the Deccan Trap from about 1,300 feet 
at the latitude of Ramakona to about 1,000 feet at Nagpur, will 
prove to be the algebraic sum of a system of block-faulting bounded 
on the east side by the great SSE fault, to the existence of which the 
formation of the Kanhan valley must be attributed. 

73. The older alluvium covers large areas in the Kanhan valley, is 
as much as 80 feet thick, and is lithologically distinguished from the 
newer alluvium by the presence of a great abundance of kankar, as 
in the case of the older and newer alluvia of the Ganges and other 
Indian rivers. The erosion to which the older alluvium is now 
being subjected indicates a recent depression of the lower reaches of 
the river relative to the upper reaches, with a consequent steepening 
of the gradient. From one of the beds of conglomerate in the older 
alluvium, Dr. Fermor extracted a worked Paheolithic chert core. 
As undoubted worked flakes of Neolithic type arc commonly found 
on the surface of the older alluvium, we have evidence in this 
valley of the existence of two alluvia with corresponding periods of 
stone implements. 

74. Mr. Walker continued his survey of the Betul district, work¬ 

ing during the greater part of the season in the 
Betul' ■ country to the west and north of Chicholi at 

the west end of the district, and at the end of 
the season in the Deccan Trap ghat country forming the south¬ 
western corner of the district. The Chicholi tract is occupied by 
alluvium, Deccan Trap, Archman granites (and gneisses), and an 
intervening formation composed of grits, with conglomerate. These 
grits were noticed by W. T. Blanford, who, in his account of the 
geology of Western India {Mem., G. S. /., VI, p. 53), mapped them 
as Mahadevas, but evidently regarded their age as uncertain and 
even considered the possibility of two series having been included 
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under one name. Mr. Walker finds a portion of these rocks to 
be horizontal and a portion to be inclined, sometimes steeply, 
apparently as the result of faulting. He regards the two portions 
as of the same age in spite of certain differences, but has not arrived 
at a definite conclusion as to what this age is; he favours the idea 
that they are Talchirs rather than Lametas, which latter is suggested 
by many features. 

75. The crystalline rocks in the Chicholi tract consist, to the 
north-west and north of Chicholi, principally of porphyritic granites, 
which have been converted into augen-gneisses in the neighbourhood 
of Sitadongri and to the north. Intrusive into these granites 
and augen-gneisses is a fine-grained acid granite; and of still 
later age are veins of pegmatite. Further south (between Alampur 
and Crondra) and east (near Bagla) the cry.stalline rocks are gneissose 
granites and schistose gneisses, all biotitic, with associated older 
amphibolites and lamellar quartzites in the latter area. 

76. Mr. Walker has found several dykes of Deccan Trap age in 
the Moran River between Tendukhera and Sitadongri; one is 
composite and pierces bascilt, whilst another encloses masses of the 
porphyritic granite that it tiaverscs. 

77. Throughout the field season Mr. K. A. K. Hallowes was 

engaged in separating and mapping in detail an 
Mandla. ^ ^***®''^®®* area of the Deccan Trap flows round Narainganj 

in the Mandla district, completing the survey 
of 120 square miles of country on the lines of the work carried 
out by Messrs. Fermor and Fox in the Linga tract of the Chhin- 
dwara district, an account of which will appear in this volume of 
the Records. Eight flows are distinguished in descending order; 
of these the middle six have an average thickness each of 
about 108 feet. In composition all the flows prove to be basaltic, 
showing in every flow, although not in every specimen, signs of the 
presence of olivine, usually completely altered to serpentine, but 
occasionally fresh in parts. In texture the rocks range from fine¬ 
grained basalts to dolerites of fairly coarse grain. According^to the 
field evidence all these lavas, irrespective of texture, must be re¬ 
garded as surface flows. No evidence was obtained that any of 
the flows die out in the area examined, so that the work indicates 
once more the great fluidity of the Deccan Trap lavas at the time 
of eruption. The discovery of two small faults near Kekra was 
referred to in the previous General Report, but work carried out 
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during the remainder of the season did not lead to the discovery 
of any other faults, nor did Mr. Hallowcs find any evidence of 
folding such as has been discovered in the Linga tract. 

78. Mr. Burton continued his sutvey of the Balaghat district 
and completed the survey of the Katangi- 
Balasha?* ®'*'^**” * Waraseoni plain west of the Wainganga; he 

also surveyed a considerable area to the east 
of this river, including the western portions of the Baihar plateau. 
On the plateau, outliers of Deccan Trap capped by latcrite were 
found in the Kothi Pat hill-mass between Laughar and Sarad and 
in the Tipagarh hill-mass north of Samnapur. The laterite is 
frequently bauxite of good quality, is over 100 feet thick, and is 
underlain by lithomargic clays 100 feet thick which pass down into 
the Deccan Trap, showing that this laterite has been formed in 
sUu. Laterite up to 30 feet has also been formed in sUu on gneiss 
and Chiipi phyllites. With the exception of the above two forma¬ 
tions and the widespread alluviuiii of the Wainganga and other 
streams, the whole of the area surveyed is occupied by Archaean 
rocks, amongst which Mr. Burton recognises the following divi¬ 
sions :— 

(1) Later intrusive granite and porphyritic gneiss; 

(2) Older, more basic, biotite-gneiss, also intrusive into the 

older sediments; 

(3) Chiipi Ghat series with manganese-ores; 

(4) Sonawani series. 

The work on the Sonawani series, including the calc-granulites, was 
summarised in the preceding report; otherwise the chief interest in 
Mr. Burton’s Ihogress Report is concerned with the constitution 
and stratigraphy of the Chiipi Ghat series. In the area examined 
that series crops out as a long synclinal strip from west of Waraseoni, 
past Balaghat, to Ukua, a total distance of some 40 miles (the 
Waraseoni-Bhimlat band of Mr. P. N. Bose). This syncline strikes 
roughly NB and has a relatively straight NW margin and a sinuous 
SB iq^gin, the Chilpis being bou|^ded on each margin by one or 
other of the intrusive gneisses. Along the SB margin of the syn¬ 
cline the Chilpis dip at relatively low angles to the NW quadrant 
and are separated from the underlying gneisses by a plane of over¬ 
thrust which can be particularly well studied along the flanks of 
the ridge on which the Balaghat or Bharweli manganese mine is 
situated. In this ridge the thrust brings each of the three basal 
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members of the Ghilpi series in turn into contact with the gneiss. 
As the latter has been converted into autoclastic conglomerates 
and breccias along the boundary, whilst the basement bed of the 
Chilpis consists of sedimentary conglomerates and grits, the junc¬ 
tion is sometimes difficult to fix exactly. Along the NW edge 
of the syncline the Chilpi phyllites have been converted into sericite- 
schists, whilst in places the gneiss with which they are in contact 
has been converted by pressure into a scries of biotitic sericite- 
schists and fine-grained crushed gneisses. As most of the biotite 
and felspar in these crushed rocks has been converted into sericite, 
we have here an interesting f;ase of convergence of types, biotite- 
gneiss and sedimentary phyllitc each yioldhig sericite-schist under 
the influence of pressure. The rocks at the north-western boundary 
of the syncline are disposed either vertically or with a steep dip to 
the NW quadrant. But to wiiat ijxtent there is actual rupture 
accompanied by overtluust faulting o7i this boundary is at present 
undetermined. Taking all the evidence into accoujit Mr. Burton 
concludes that the thrust movcin<nit that has produced the phenomena 
recorded has come from the north-west. 

79. As a result ol the work so far completed Mr. Burton finds 
that the Chilpi Chat series consists of the followiiig beds, with the 
approximate thicknesses stated :— 

Feet. 

J. liaHi'iiiont curi^Iornomtu and ^rits . . . 0 to 000 

2. Pljyllites and jaKporoid ({utirtzites . . . 20t) 

2. Manganest'-oro ...... 0 to 50 

4. J>hyllitcs..‘{,.500 to 5,000 

5. Blue slutew, wJaty qii»rt/.itc‘K, and foJspntfiie 

tulTs ........ 0 to 1,800 

0. I’hyJlitcs, scricil.i‘-selijsts dc-rivt'd from pliylliles, 

pHain mites, and thin fulspathic: tufl's . . 2,500 

0,200 to 10,460 

It is anticipated that work further cast may bring in still higher 
members of the series. 

80. Of the two gneisses recognised the older is a fine-grained 
biotite-gneiss, and the younger a more acid porphyritic biotitc- 
gneiss, the two being, probably, equivalent to the two main divi¬ 
sions recognised in the orthogneisses of the Sausar tahsil of the 
Ohhindwara district (see page 35). The younger porphyritic gneiss 
forms a large batholithic mass in the northern part of the district 
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and disappears under the Deccan Trap of the Mandia district: to 
the north of the Mandia trap lies the pink porph 3 rritic granite of 
Jubbulpore, which is regarded by Mr. Burton as a part of the same 
batholith. Near the Chilpi boundary, on its northern edge, the 
older gneiss often contains thin bands of kyanite-bearing gneisses, 
which are regarded as contact rocks produced at the time of in¬ 
trusion of the gneiss into the Chilpis, when some sedimentary 
material must have been caught up in the gneiss. 

Nizam’s Dominions. 

81. While progress has been made towards the completion of 

the geological map of India in other parts of 

owm’: Hyderabad. country, a large gap has long been con¬ 

spicuous on the eastern boundary of the 
Nizam’s Dominions in longitude 77°-79° and latitude IS^-IO®. 
Although it is not at present desirable to take up the survey 
of this area in detail, it has been decided to determine broadly 
the distribution of the Deccan Trap and crystalline rocks 
respectively and so to complete this part of the geological map of 
India on a scale of 1"=32 miles. For this purpose, with the approval 
of the Government of India and the sanction of His Highness the 
Nizam, Mr. K. A. K. Hallowes was detailed to make a traverse 
across the area involved, following the eastern boundary of the trap. 
This work if carried out on the Y scale should occupy only three or 
four months and should therefore be completed during the present 
field-season. 

Sind. 

82. Sub-Assistant M. Vinayak Rao was detailed to examine, and 

with the assistance of Babu Bankim Bihari Gupta, Field Collector, 
to collect from, the Manchhar beds of Sind. He mapped these beds 
in the Karachi and Larkana districts comprised on sheets 5 to 9, 
22, 26 to 30, 46 and 47 of the Sind Survey mile). Mr. Vinayak 

Rao has submitted the following notes on the general results of his 
work: The Upper and Lower Malachhars are of the same type as 

the Upper and Lower Siwaliks, which are their equivalents in 
the Punjab, but differ from them somewhat lithologically in the 
lower horizons. Fossils are not abundant as in the Punjab. The 
beds attain their maximum thickness on the Gaj, where only a few 
horizons of the Upper, Middle and Lower Siwaliks are present. To 
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the south they thiii out and in Southern Sind the Middle Siwaliks 
are wanting. In some areas there are only about 100 feet of Upper 
Manchhars and 100 feet of Lower Manchhars. 

“ Estuarine conditions have prevailed in early Manchhar times in 
Upper Sind, as is evidenced by the presence of shells on the Gaj 
river. In these beds estuarine shells are found in the Upper Man¬ 
chhars on the coast a few miles east of Karachi. 

“ Manchhar beds, both Upper and Lower, have been much 
disturbed along the flanks of the Khirthar and Laki ranges and the 
continuation of these hills, but eastward in the vallev of the Indus 
and along the coast near Karachi the disturbance has not been 
great.” 
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Some Newly Discovered Eocene Mammals from 
Burma. By G. E. Pilgrim, D.Sc., F.G.S., Officiating 
Superintendent, Geological Survey of India, AND G. de 
P. Cotter, B.A., RG.S., Assistant Superintendent, 
Geological Survey of India. (With Plates i to 6.) 

T he discovery of Eocene mammalia in Burma has already been 
announced in these Records (Vol. XLV, p. 107), and their 
importance will be readily admitted, when it is remembered that they 
are the earliest land mammalia reported from Asia. Although the 
collection is somewhat scanty, we have hopes of largely increasing 
it by future searches. 

The locality from which these specimens were obtained lies 
in the Myaing township of the Pakokku district. This district has 
now been mapped geologically as far north as latitude 21° 45'; the 
geologically mapped area extends southwards through the Minbif 
district to the north of Thayetmyo, so that wc are now able to form 
definite conclusions as to the age of the rocks and the correlation of 
various sections in the mapped area. 

I. STRATIQRAPHICAL POSITION. 

Before proceeding to a description of the mammalian remains, 
it will be necessary to fix as far as possible, on the evidence both 
of the stratigraphy and of marine fossils, the age of the rocks which 
contain the mammalian remains. 

We have reproduced a small portion of the geological map of the 
Pakokku district, but it is sufiUciently large to show all the localities 
from which mammalian remains have been collected. 

The formations shown on this map are :— 

Alluvium. —Recent. 

Irrawaddy Sandstones and fresh^water Pegu Sandstones.— 
Pliocene to Oligocene. 

Pegu series, marine and estuarine facies .—^Miocene and Oligo¬ 
cene. 

ICaw stage .—Upper Eocene. 

Pondaung Sandstone .—^Upper to Middle Eocene (with verte¬ 
brate remains). 
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One of us has pointed out in an earlier papei4 that the Burma 
Tertiaries, when traced from south to north are frequently found 
to undergo a change of facies from marine through estuarine to 
deposits which appear to be entirely freshwater. 

As a result it is found that the Pegu series in the anticline of 
Yenangyat, where Pegu rocks commence to outcrop at a point some 
20 miles S8W of Myaing, contain an abundance of marine fossils, 
and can be sharply differentiated from the Irrawaddy series above 
them, while at Myaing, these rocks are entirely fossil-wood-beariug 
sandstones of a type impossible to distinguish from the Irrawaddy 
series. So remarkably do the Pcgus of the Myaing area simulate 
the Irrawaddy rocks that one of us in an earlier visit to Myaing 
erroneously correlated the freshwater Pcgus with the latter, and the 
marine Yaw stage with the marine Pcgus of Ycnaiigyat.^ 

This erroneous correlation was mainly due to the fact that practi¬ 
cally nothing was then known of the fauna of the Burma Eocene 
and its points of difference from that of the J*egus above, and also 
because the geological map of Burma was then a patchwork of 
small isolated areas, examined, not so much in order to obtain scien¬ 
tific results as in the hopes of discovering new oil-fields. Subse¬ 
quently one of us described the Ngape section in the Minbu district, 
and made collections from the top of the Pegus down to the Eocene.® 

In the Ngape section, the dividing line between the Eocene 
and the Pegus was drawn above a zone containing species such as 
Velates Schmideli, Cyprcca elegans and other molluscs of a distinctly 
eocene type and not found in the beds above. No unconformity 
was actually found between the two divisions, although at the time, 
owing to a belief that the two divisions were unconformable in 
Lower Burma, it was thought possible that a stratigraphical gap 
mi g ht exist along with apparent conformity. 

In 1913, one of us examined a full section from the Irrawaddy 
Sandstones to the Middle Eocene, exposed in the south of the Pa- 
kokku district in the country traversed by the Yaw river. Here 
the Pegus were found to be represented by estuarine or freshwater 
beds, while a zone of clays imderlying them contained a rich marine 
fauna, the species of which were found to be identical with those 
from the Velates SchmideU zone in the Ngape section. These clays 


^ Cotter: Coal Seams near Yaw River, Rec. Geol. iiurv. Ivd., XIV, p. 166. 

* See Pascoe, Oil-Fields of Burma, Mtm. Qeol. 8urv. Ind.^ XL, p. 138. 

' Cotter ; Fega-Eooene Succession in Minbu, Rec. Qeol. Surv. /nd., XLI, 221. 
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were termed the Yaw stage^, and were placed in the Upper Eocene, 
on the evidence of their included foraminifera and mollusca. In 
1914 OUT colleague, the late Mr. H. S. Bion, mapped the intervening 
country between the Yaw river section and the Ngape region, and 
found that the Velates zone of Ngape comes stratigraphically on the 
top of the Yaw stage.* 

The Yaw Stage is regarded as eocene owing to the presence of 
the following foraminifera and mollusca :— 

Nummulites yawensis Cotter, Orthojihragmina sella D’Arch., 
Velates schmideli Chemn., Cyjircea elegans Desh., Gosa- 
via birmanica Dalton,® and many other species as yet 
undescribed, but which one of us hopes to figure and 
describe at some future date. Up to now the study of 
these molluscs leads to the firm conclusion that an upper 
eocene horizon is being dealt with. 

The Yaw stage in the Myaing area is only sparsely fossiliferous, 
and shows many signs of the increasing shallowness of the water 
in this more northerly region. Fossils have, however, been found 
and include the following:— 

Orthophragmina sella D’Arch. 

Operculina sp. 1. 

Oosavia birmanica Dalt. 

Cyprma elegans Desh. 

Chama sp. 1. 

Cardium spp. 1 and 2. ^ 

and also one specimen of a nummulite which is probably 
Nummulites yawensis Cotter, form A. 

All the above species are characteristic of the Yaw stage of the 
type area, and they are enough to prove on palaeontological grounds 
the eocene age of the beds from which they come and the probable 
identity of these shales with those of the Yaw river. The strati¬ 
graphy also shows that this view is correct. The Myaing exposures 
of Yaw Shales and Clays emerge from beneath the fresh-water Pegus 
about ten miles to the south of Myaing, and from there the outcrop 

^ Cotter: Notes on the value of Nummulites as Zone-Fossils, Ree. Gkol. Surv. Ind., 
XLIV, p. 53. 

‘ Cotter: Coal-seams near Yaw River, JZec. Oeol. Surv. Ind.. XUV, p. 164. 

^ See Dalton, Geolpgy of Burma, Q. J. O. 8., LXIV, p. 632, where Ihe species is des¬ 
cribed as Valuta (T) birmanica sp. nov. It must, however, be regarded as Goaavia 
owing to its pleurotomid sinus. 
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runs north-westward, but has not yet been mapped northwards 
of latitude 21® 45'. It is separated from the Yaw staple outcrop 
of the Yaw river (which has been traced northwards to the above- 
named latitude) by a syncliue of Pegu and Irrawaddy beds. 

The two outcrops are 11 miles apart at the northern edge of 
the mapped area and. as they steadily approach each other as one 
goes north, there is no doubt that when the country to the im¬ 
mediate north is mapped, we shall be able to join them up as one 
and the same. Meanwhile, it is sufficient to observe that the 
sequence of beds on either flank of the synclinc also shows clearly 
that the Yaw stage of the Myaing area is, lithologically as well as 
pakeontologically, the same as the Yaw stage of the type section 
tlirough the Yaw river. 

In the area shown in the map accompanying this paper, the Yaw 
stage is of a somewhat earthy facies and contains fossil wood. In 
places it is difficult to define its limits, since it is not so sharply 
^differentiated from the beds above and below as it is elsewhere. 
Nevertheless it is the most easily recognised horizon, being in this 
area the only zone in which marine fossils can be found. Both above 
and below the Yaw stage the beds are mainly freshwater. From 
the Pegu beds above the Yaw stage, about 12 miles WNW of 
Myaing, near a village named Kyaiikwet, two fragments of molars of 
Cadnreolherium were found by Mr. Lister James, owing to which 
occurrence one of us suggested an Aquitanian age for the beds in 
which they were found.' Unfortunately this area has not hitherto 
yielded any more specimen^of mammalia. 

The beds from which the second co-author of this paper has 
discovered mammalian remains lie immediately below the Yaw 
Clays. In the Yaw river area the corresponding beds have been 
termed the Pondaung Sandstones,^ a name which we propose to 
use also for the bone-bearing beds of the Myaing area immediately 
underlying the Yaw Clays. These Pondaungs however differ in as¬ 
pect from those of the Yaw river section and the Pondaung hill- 
range, in that, while the latter are massive sandstones with occasional 
shaly bands or seams of impure coal, the former are characterised 
by interstratified bands of highly coloured earths. In many ex¬ 
posures one observes successive beds of cherry-red, bright buff and 
cream-white earths interstratified with brown or buff sandstones. 

^ Pilgrim : Tertiary Fresh-w^ater Deposits oJ' India, Rec. Geol. Sure. Ind., XL, p. 197. 

* Cotter; Coal-seams nej(.r Yaw River, R e. Ruro, Ind, XLIV, p. 165, 



46 Records of the Geological Survey of India, [VoL. XLVII. 

The feature is so marked that Mr. T. G. Bailey, who some years ago 
examined the Myaing anticline, called these beds the Colour-Band 
series.” 

As, however, there is no doubt that these beds are the equivalents 
of the Pondaungs of the Yaw river section, there appears to be no 
advantage in adopting another name to denote the bone-bearing 
beds of the Myaing area. The bones are found lying on the surface 
of the ground on, or close to, the outcrops of cherry-red earthy bandsi 
They are extremely sparsely scattered and usually in a very frag¬ 
mentary condition. One tooth was found in two interfitting frag¬ 
ments, but the interfitting surfaces had been covered with a matrix of 
sandstone, showing that the tooth must have been broken at the 
period of deposition. The collecting of teeth is necessarily a slow 
and tedious process owing to their rarity. 

The basal bed of the Pondaung Sandstones in the Myaing area is 
a very coarse conglomerate, in which the boulders largely consist of 
igneous rock. Some gneissic and schistose boulders are also present. 

The hills of Natsin Taung and Myaing Taung are composed of 
this boulder conglomerate, the boulders being for the most part of 
igneous rock, usually an altered dolerite. 

The bone-bearing cherry-re.d earthy beds all occur in the upper 
part of the Pondaungs above the basal conglomerate. 

The localities in which mammalian remains have been found are 
shown on the map (Plate 1) by crosses marked V.F. The localities 
are registered in the Geological Survey Fossil Begister as follows:— 

(1) f mile W. of Pangan village . . . . K. 18/824—830 

(2) 3 mile W. S. W. of Patigan .... K. 18,831—832 

(3) 3 furlongs N. W. of Thanudaw village . . K. 18/833—834 

(4) ^ mile E. of Thanudaw . . . . . K. 18/835—837 

(5) 1 mUo E.N.E. of Thanudaw . . . . K. 18/838 

(6) 1 mile N. of Myaing.K. 18/839 

(7) li miles S. of 1133ft. hill.K. 18/840—843 

(8) •’ mile W. S. W. of 1133 ft. hill . . . . K. 18/844—860 

(9) Found by coolie near 1133 ft. hill . . . K. 18/851 

In determining the age of the mammalian remains, we cannot 
conjecture with any degree of accuracy to what stage they belong 
from the evidence of the teeth themselves. TJiis is due to the fact 
that we have no mammalian fauna of a similar age in Asia, and it is 
therefore necessary to compare them either with the more recent 
fauna of the Bugti Hills or to seek in America or Europe for allied 
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species. It is therefore necessary to return to the evidence of the 
marine fossils of the overlying Yaw stage, which, as far as we can con¬ 
jecture, is the uppermost stage of the Burma Eocene, and also to 
remember that the total thickness of the Burma Eocene in most 
sections does not fall far short of 20,000 ft. The Yaw stage and the 
bone-bearing beds of the Fondaungs come within the uppermost 
5,000 ft. of the series; therefore it is probable in so rapidly deposited 
a series, that the Fondaungs are not very much older than the over- 
lying Yaws, and that if the latter are Ludian in terms of European 
nomenclature, the former are not probably older than Bartonian, 
while if the latter are Bartonian, the former would be not older than 
Auversian. We are not at present prepared to say with what exact 
European sub-stage the Yaw Clays correspond, but believe them to 
correspond with some part of the Upper Eocene, that is the Auversian, 
Bartonian and Ludian stages. 

The geological map reproduced with this paper was made while 
the mammalian teeth were being collected, during December 1914 
and January 1915. Freviously the Myaing area had also been 
examined by one of us in 1907 and 1908, and we have also on file 
in our office a map which embraces portion of the area reproduced, 
which was prepared in 1911-12 by Messrs. R. D. Oldham, T, G. Bailey 
and E. S. Finfold who examined part of thti neighbouring country 
on behalf of the Indo-Bunna Petroleum Company. This latter map 
has been of assistance to one of us when surveying the neighbouring 
area of Kyaukvret, but in the portion here reproduced for publica¬ 
tion, the greater part is uncoloured in the above-mentioned geological 
map ; moreover there are very many points of difference, and the 
whole survey has been done by one of us entirely de novo. While 
therefore we wish to acknowledge the assistance obtained from 
this earlier map in unravelling the general structure of this and 
the neighbouring country, we must at the same time accept the 
entire responsibility for the actual mapping of the area reproduced 
in Plate 1. 


II. DESCRIPTION OF FAUNA. 

The specimens collected include five fragments of toothed pharyn¬ 
geal arches of fishes, fragments of the carapaces of tortoises, and 
numerous teeth and bone fragments of mammals. These last in¬ 
clude remains of Anthracotheres, a species of amynodontid rhino¬ 
ceros, and fragment? of a Titanothere, 
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Anthracotheriidae. 

The family of the Anthracoiheriidat dominates the fauna of the 
Pondaung sandstones to such an extent that some 95 per cent, of the 
total number of specimens contained in the present collection belong 
to it. This preponderance can be illusory only in as much as the 
fauna was doubtless one which inhabited the plains and marshes in 
the neighbourhood of great rivers and from which most of the species 
of the forests and uplands were excluded. Since, however, similar 
conditions tend to prevail in all river deposits, we may fairly claim 
that the extent to which the Anthracotheroids are represented in 
this formation is excessive when compared with any other fauna at 
present known to us, with the exception of that of the Upper Aquit- 
anian beds of the Bugti hills, which probably equals it. 

In discussing the significance of this feature one of ua has called 
attention to the indication, afforded by the Bugti fauna, that the 
family may have originated in Asia^. 

So far as the Anthracotherivm. branch of it is concerned this 
latest find in Burma supplies additional evidence that this view 
is correct, Anthracotherivm dahnalinvm being the sole representative 
of the branch in the Upper Eocene or Lower Oligocene of Europe. 
The age of the European form is disputed, but a full discussion of 
this question is to be found in a paper by P. Oppenheim. We are 
disposed to believe with Oppenheim that the species is Upper Eocene 
in age^. 

The evidence as to the origin of the Ancodus line is less clear 
since the Upper Eocene or Lower Oligocene beds of the Fayum, 
have yielded many species belonging to this particular branch. 

As in the case of the Bugti fauna such changes as it is possible 
to ring oh the ordinary Anthracolherium type are here exhibited 
in fairly considerable variety both as regards size and structure. 
Without multiplying species unduly it seems absolutely necessary 
to divide the Pondaung Anthraeotheriidw into at least seven species. 
For three of these we are unable to find an appropriate place in the 
genus Anihracotherium as defined by StehUn and as represented 
by the known European species. We therefore propose to separate 
these under the new generic name of Anthra^ohyus. The type of 
the genus is the upper molar of Anthracohyiis choeroides, and the co- 

* Pilgrim ; Vertebrate Fauna of Bugti Hills ; Pal. Ind., New Ser., Vol. IV, Mem. 2, 
p. 40. 

* P. Oppenheim, Centralblatt fur Mimralogie de., 1902, pp. 286 sqq. 
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type the mandible and lower teeth provisionally assigned to the 
same species. The entire absence of parastyle and metastyle and 
the exceedingly feeble mesostyle takes all appearance of selenodonty 
from the outer portion of the crown, the paracone and metacone 
appearing as bunodont cusps fringed by a cingulum at their 
base. 

In Anthracohyus riAyrica’. and A. falvslris the mesostyle is stronger 
but parastyle and metastyle are equally absent, so that, although 
the beginnings of a selenodont condition can be traced, still the outer 
cones are far more bunodont than in the genus Anthracotherium. 
In the mandible referred to AMhracohyus chmroides the small pre- 
molariform lower canine, laterally compressed, with anterior 
and posterior blades, is very distinct from the large conical canine 
of ArUhra^Mherium. Equally so are the crowded lower incisors, 
without any indication of a diastema, which testify both to a 
greater breadth of muzzle and to an entire absence of the elonga¬ 
tion which is so characteristic of the genera Anthracotherium and 
Microhunodon. 

In the species Anthracotherium pangan the selenodont condition 
of the outer portion of the crown of the upper molars is fully estab¬ 
lished. We are therefore unable to separate it from the genus 
Anthracotherium on the scanty mateiial which is at our disposal 
although the outer styles are less prominent than in the hitherto 
described species of that genus. The species Anthracotherium craa- 
sum provides evidence of a transition from the one type into the 
other. 

At the same time the distinct elevation of the cingulum into a 
parastyle makes it difllcult to separate it generically from A. pangan. 
We have before us, then, a series of upper molars exhibiting an almost 
complete passage Irom Anthracohyns charoidea at one end of the 
line, with primitive bunodont outer cones, to AnthracotheHum 
pangan at the other, where the outer cones have assumed the regular 
selenodont anthracotheroid condition. It is, of course, possible that 
the structure of the mandible and of the canine teeth may approxi¬ 
mate to that of Anthracohyns chosroides rather than to that of the 
European species of Anthracotherium^ in which case these species 
would provide us with an even more complete transition from the 
one genus into the other than we are at present aware of. Further 
collecting will, we hope, supply material which will shed additional 
,light on these and other doubtful points, 
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• The remaining three species are of small size and have the outer 
stales fairly well develop^, but have no elevation on the cingulum 
just anterior to the protocone (protostyle). They agree very nearly 
with the European genus Micro^nodon^ and with the Lower SiwaUk 
upper molars referred to the species Microbunadon siUstrense. Pm^ 
in one of the Pondaung specimens is, however, a much longer tooth 
than in the European species of Microbunodon, and has an alto¬ 
gether difierent structure, its inner cusp approximating in character 
to that of Anthracohyus. This tooth is unknown in the Siwalik 
Microbunodon stUsirense. Insufficiency of material makes it diffi¬ 
cult to discover the true relations of these forms both to the Siwalik 
as well as to the small European anthracotheroid species. 

Since, however, the elongated shape of pm^ and the structure of 
mm^ clearly distinguish our Pondaung species both from Micro- 
bunodon as well as from the genera Rhagatherium and Haphbunodon, 
while the presence of a parastyle in the upper molars and the greater 
development of the outer styles generally, as well as the absence of 
a protostyle, make it impossible to assign them to Anthracohyus, and 
since the triangular shape of pm® and mm®, and the absence of a pro¬ 
tostyle in the upper molars,- apart from their minute dimensions 
strongly militate against a reference to Anlhracotherium, we seem to 
have no choice except to make them the type of a new genus for which 
we propose the name of Anthracokeryx. The generic position of the 
Siwalik species Anthracotherium sihstrense axid. Anthracoiherium mus 
must remain unsettled until further material is available and espe¬ 
cially until the pm3 of these species becomes known. 

One may in any case infer that in the Pondaung sandstones we 
see the representatives of an extremely early bunodont type of 
Anthracotherium side by side with the selenodont type, which arose 
from it. At the next lower geological stage the former type possibly 
held entire possession of the field. It does not, however, appear 
to have penetrated to Europe, Anthracotherium dalmatiimm being 
even more selenodont than Ardhramtherium pangan of the Pond- 
aungs. The obvious conclusion is that the Monte Promina species 
represente a migratory type from Asia, where alone its assumed prede¬ 
cessors have so far been found. 

One additional feature in this portion of the Pondaung fauna 
seems to possess an undoubted significance. The entire absence of 
any quadricuspid anthracotheroid upper molars indicates that this 
type of anthracotheroid upper molar had not yet come into existence! 
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and that tha 5>cu8pid condition was the original one, the 4-oiiapid 
uppra molar arising subsequently, either by atrophy of the proto- 
c<mule or by its fuuon with the protocone. One of us at one time ex¬ 
pressed his adherence to the contrary view,^ but has long since aban¬ 
doned it in favour of the more generally accepted opinion, in support 
of which the Fondaung fauna now supplies strong testimony. 

The new genus Anthracohyus may be defined as follows:— 

Upper molars. —5-cuspidate, paracone and metaoone markedty 
bunodont on account of the entire absence of a parastyle 
and metastyle, and the very feeble development of a 
mesostyle. A cingulum encircles the cusps externally, 
as well as on the anterior and posterior margins. 

Upper premolars. —Pm* bicuspid, both cusps bunodont, cingu¬ 
lum external, anterior and posterior; pm^ triangular, 
longer than broad, pointed anteriorly, main cusp with 
anterior and posterior ridges opposite to one another; 
inner cusp strong, connected by cingula to the main cusp, 
but without any broad flattened area between it and the 
main cusp. , 

Lower molars .—Cusps rather bunodont, hinder arm of the 
postero-external crescent not uniting with the postero¬ 
internal cusp. Thus the valley between the two posterior 
cusps is convex; talon showing a distinct division 
into two cusps. 

Lower premolars. —^Fm^ elongated, main cusp with anterior 
and posterior ridges, inner ridge separated by a groove 
from posterior ridge, small flattened area between the 
two ridges at the hinder end of the tooth, a slight cingu- 
lar cusp anteriorly, anterior premolars elongated, main cu^ 
laterally compressed with two blades but without inner 
ridge, a faint posterior cingular cusp. 

Lower canine laterally compressed, premolariform, only slightly 
larger than pm^. 

Lower incisors three, strongly compressed between their convex 
buccal and concave lingual surfaces, crowded together 
without a diastema, incisor region of the jaw bread and 
not elongated. 

1 Pilgrim : Vertebrate Fauna of Bugti Hille, p. 41. 

' b 2 
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Akthbacohyus ohosboides n. sp. 

(PI. 2, figs. 1—4.) 

The type of the species and genus is the isolated upper molar. 
(G. S. I. No. B. 603) figured in Plate 2, fig. 1. Its dimensions are 
given in the table on p. 64. The tooth is well preserved and the 
summits of the cusps are distinctly touched by wear. On the front 
wall of the tooth there is a very pronounced facet of wear, while on 
the hinder wall such a facet is undoubtedly absent. We take this 
as an indication that the tooth is the last upper molar. If this be 
not the case then the animal to which this tooth belonged was ex> 
tremely immature and m3 must have been entirely in alveolo, a 
supposition which is somewhat at variance with the degree of wear 
on the tooth before us. On the other hand the absence of the small 
heel which is present in the m^ of the other species of Anthracohyue 
and Anthracotherium is here absent, the breadth index of the tooth 
being therefore very large. This can, however, hardly be regarded 
as an insuperable objection seeing that it is not a uni'\|pr8al condi¬ 
tion in the Anthracotheroids. 

Of the five cusps the only ones which can be said to show any 
real tendency to selenodonty are the hypocone and the prutoconule. 
Slight antero-posterior ridges descend from the summit of the para- 
cone and metacone and a faint ridge descends from the summit of 
the protocone in the direction of the metacone. There is no cingu¬ 
lum internally, but on the anterior and posterior bases of the tooth 
it is very distinct, rising into a small protostyle between the proto- 
cone and the protoconule. A cingulum runs round the base of both 
paracone and metacone but without being elevated into anything 
that could be termed a parastyle or a metastyle. The two cingula 
bend round opposite the median transverse valley of the tooth and 
unite between the paracone and metacone, but without strengthen¬ 
ing appreciably or uniting with the antero-posterior ridges of the 
two outer cones which have been mentioned above. 

3rd upper premolar. (B 604) A. single well preserved specimen 
of this troth (FI. 2, fig. 2) is provisionally plac^ here. It can be 
distinguished in no respect except by Its smaller size from the large 
pm^ (G. S. I. No. B. 608) figured in Plate 3, fig. 8, and which on 
account of its considerable dimensions can only belong to the largest 
Anthracotheroid which has been found in these hedj^Anthrcmhyue 
palustrU, 



1.^ »FiLGiiiH & CoTTES : Eocene Mammals from Burma, 5^ 

‘Since the upper molars of this species cannot be separated generi* 
dally from that of ArUhracohyus choBroides, the present arnall pm^ 
must also be that of an ArUhracohyuSy and since in size it agrees 
sufficiently well with the type m® of Anthracohyus chaeroides the 
* provisional determination seems to to be justified. 

The specimen possesses a strong main cusp connected to the an* 
terior and posterior ends of the tooth by sharp ridges which termi¬ 
nate in small cingular cusps of which the posterior one is the larger. 
A low, but extremely well marked and isolated‘inner cusp is situated 
slightly behind the mid lino of the tooth. It is connected by cingula 
both to the anterior and posterior cingular cusps just mentioned. 
There is no external cingulum. The tooth tapers in front and is 
almost perfectly triangular in outline, the margin between the inner 
and anterior cusps, and also that between the inner and posterior 
cusps, being distinctly concave, the latter rather less so than the 
former. The corresponding tooth in the European species of Anthra- 
cotherium is trapezoidal rather than triangular in outline, both because 
there is a considerable antero-external bulge on the outer side of the 
main cusp,%nd also because there is a marked flattened area or shelf 
between the internal and the posterior cusps. These conditions are 
still more pronounced in Brachyodus and AwxAus and in the mery- 
copotamine members of the family. Anthracotherium bugtiense pos¬ 
sesses a more elongate pm3. and no very distinct inner cusp is present, 
but the trapezoidal shape is '^uite as clear as in the other species of 
Anthracotherium. 

It should further be noticed that, whereas in the present tooth 
the line connecting the anterior and posterior ridges.is parallel to 
the antero-posterior axis of the tooth, in Anthracotherium and still 
more in BrachyoduSy this line follows a direction oblique to this axis. 

Mandible .—The specimens figured in Plate 2, figs. 3 to 3e and 4 to 
4e (G. S. I. No. B. 605) represent the entire lower dentition on the 
right-hand side of a single individual. Though the teeth in front of 
pm^ are detached from the jaw, there is no doubt that they belonged 
to the same ramus, of which the hinder portion is figured in Plate 2, 
figa. 3 and 4, since they were all collected from the same spot, where 
they were only slightly separated from one another by the weathering 
influences which had disintegrated the bone of the mandible. No 
upper molars, which have any claim to be referred to the same species 
as tbia mandible, have been found in the collection, except the one 
which been just described, and which we have assumed to be 
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the last molar. The mandible is therefore provisioiiallj referred 
to the ts^dee Anthracohyua chcsroides, and may be taken as tiie 
Go-type of the genus, at least until convincing evidence is forthoonung 
that another mandible of an entirely distinct type should be 
associated with the type molar ^of Anthraoohyus choeroides, a contin¬ 
gency which the writers regard as unlikely. 

There are various other specimens of the mandible, which, though 
showing slight variations in size, may be referred to the same species. 

The mandible is shallow and rather stout as compared with 
that of Anthracotherium. The lower margin is slightly bowed be¬ 
neath m^, but whether it was notched beneath or whether there 
was a descending process is unknown. 

Lower molars .—These are of the usual Anthracotherium type, 
the failure of the posterior arm of the postero-extemal cusp to unite 
with the opposing postero-internal cusp distinguish it from Brachyodus. 
The greater breadth of the tooth in its hinder part and the rather 
greater elevation of the cusps, remind one of Telmatodon rather than 
of Anthracotherium. The talon of ihjj has the shape of a broad 
loop, the hinder portion of which is much more elevated than the 
remainder and is distinctly divided into two cusps. The origin 
of the talonal loop, due to the fusion behind of two cusps each 
connected by a crest to the anterior part of the tooth, is rendered very 
evident, and is still more clear in the species Anthracohyus 'palustris. 
This double cusp is confined to the genus Anthracotherium amongst 
the Anthracotheriidae, the double cusp which one of us has mentioned 
in the B^eciea Brachyodus giganteus being rather different to thw.^ 

Lower yreimlars ; pm^ is a long narrow tooth having a single 
main cusp and very minute cingular cusps in front and behind. 
From the summit of the main cusp ridges run down anteriorly and 
posteriorly. A short distance to the inside of the latter ridge is 
another ridge separated from the first by a narrow groove. Between 
these two ridges is a small fiat cingular area. Thus in general 
structure this tooth resembles that of Anthracotherium. While, 
however, the inner wall of pm^ in the European species of Anthro^ 
cotherium, between the front ridge and the internal ridge, tends to be 
concave, here it is quite convex. It differs little from the corre¬ 
sponding tooth of Anthracotherium hugtiense except that it tapers more 
in front than the latter and is destitute of the strong anterior cingu¬ 
lum of the Bugti species. 


^ Pilgriiu: Vertebrate Fauna of Bugti Hilli, pp. 00 and 66. 
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FiOg is still more elongated than pm^, and the only trace of an 
inner ridge is a minute fold which leaves the posterior ridge just 
before it reaches the hinder cusp. No anterior cusp can be said to 
exist and the posterior cingular area is diminished almost to vanishing 
point. Pmg resembles pm,, very closely; there is, however, no 
vestige of any inner fold, only a very minute posterior cusp, and no 
anterior cusp. The summit tends to overhang the hinder part of 
the tooth so that the hinder blade is concave. Pm^ is smaller than 
pm 2 but differs from it in no essential features. 

The canine is small, being very little larger than pm^ and differs 
from it only in being one-rooted and having an exceedingly con¬ 
cave hinder blade ; the front blade shows a small facet of wear near 
the base of the tooth. 

The incisor region is represented by three teeth in close juxta¬ 
position to one another, of which only two arc provided with crowns. 
The one of which the root only is present is probably the right ij 
and the other two the left ij and ia- 

Each tooth has a convex ffiiccal surface and a slightly concave 
lingual surface, being strongly compressed between these surfaces. 
As the three teeth are in practically one straight line parallel to 
their longer axes, and as ig has a facet of wear on its proximal edge 
it is clear both that there was no elongation of the incisor portion 
of the jaw as in Anlhracolherium and Mu-rohunodon, the incisor teeth 
being crowded together v/ithout any diastema, and also that the 
front of the jaw must have been broader than in those genera. 

This conformation of the incisor region, and the lateral com¬ 
pression and small size of the canine, seem to afford ample grounds 
for assigning the mandible to a genus different from any hitherto 
known Anthracotheroid. 

As there is no reason to suppose that any other type of mandible 
than this should be associated with the upper molar of Anthracohyus 
chmoidesy we consider that we are justified in provisionally referring 
it to the same genus, and also, since the mandible agrees in size and 
in height of cusps with the upper molar, to the same species, as the 
latter. 


ANTHKACOHYUS RUBRICAfi B. Sp. 

(PI. 2, figs. 5-7 and PI. 3, figs. 1--6.) 

As in the case of Anikracohyus choeroides the upper molars are 
chosen as the types of the species. The well-preserved m® and m* 
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figured in Plate 2, fige. 5 and 6 (G. S. I. Nos. B. 609, B. 610) come 
from the same locality and probably belong to the same individual. 
Assuming that the tjrpe of Anihracohyus chsroides is m^, the present 
species difiers from it by its much greater size and by its much 
smaller breadth index, due chiefly to the presence of a sort of heel 
produced by the prolongation of the posterior arms of the raetacone 
and hypocone to form two small cusps. Without this heel, however, 
the breadth index of the upper molars of this species would still be 
less than that of A. choBroides, as may be seen in the case of m^ where 
the heel is absent. Although these upper molars agree with A. 
choBToides in the entire absence of a parastyle, a distinct mesostyle 
is present to which the arms of the paracone and metacone ajre 
connected. Thus both of these cusps are more selenodont than 
in the former species. No other points of difference separate the 
upper molars of these two species from one another. 

From the same locality as the upper molars just described come a 
pm^ (G. S. I. No. B. 611, PI. 3, Mg. 3j|^and a portion of a lower molar 
which probably belong to the same individual as the molars. Pm^ 
is a bicuspid tooth with a cingulum externally, posteriorly, and 
anteriorly, the first named being the strongest. No parastyle is 
present; consequently the selenodont condition of the outer cusp 
which is visible in the European species of Anthracoiherium is here 
entirely lacking, the cusp being almost conical except for the anterior 
and posterior ridges. There appears to be no trace of a median 
anterior cusp. 

Lower molars (G. S. I. Nos. B. 612, B. 613, PI. 3, figs. 4 and 6).— 
Except that the talon of lUj, is a little shorter than in the species 
A. choBToides, and the molars are perhaps a little stouter it does not 
seem possible to draw any distinction except one of size between 
the lower tbeth of these two specie. 

It should be remarked that the m^, and mandibles figured in Plate 
3, figs. 4 and 5, seem too small ^pr the type upper molars and it is 
not impossible that they may belong to another species. Still the 
variations in size of the same anthracotheroid species are considerable, 
if we may judge from the evidence of the large amount of material 
obtained from the Upper Aquitanian beds of the Bugti hills, and we 
therefore consider that no useful purpose would be served by attempt¬ 
ing to separate such specimens merely on the ground of a slight 
differenfe in size. 
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Our collection contains two fragments of mandibular rami each 
containing a single perfect premolai. One fragment is figured in 
PI. 2, fig. 7, PI. 3, fig. 6. One may conjecture that the larger 
of these two premolars is pm^, both from the fact that it does 
not possess the inner ridge entire from the summit of the main 
cusp, as is the case in pm^, but only a small fold branching ofE 
from near the base of the posterior ridge, and from the fact 
that the roots of a larger premolar tooth are visible in this 
fragment behind the perfect tooth, as well as because the perfect 
tooth in the other fragment is smaller than the one just mentioned 
and shows even less trace of an inner fold, while in front of it there 
appears to be the alveolus of another premolar. If our reasoning 
is sound the four teeth of which traces are present are the four pre- 
molars, and in that case we may deduce the important conclusion 
that the premolars are all in contact with one another and that no 
diastema is present. In front of the smaller fragment that portion of 
the bone which is visible beneath the hard resistant matrix, which 
conceals most of it from view, seems to us to suggest the conforma¬ 
tion of a canine alveolus. If this is so there is only a slight 
diastema between the canine and the premolars. We may, therefore, 
infer that the constitution of the premolar portion of this mandible 
is altogether different from that of the European Oligocene species of 
Ardhracotherium, though possibly not different from that of the Upper 
Eocene species A. dalmatinum. Beneath the assumed pm^ there is 
a curve at the base of the fragment which suggests the presence 
of a downward process similar to what is often found in a corre¬ 
sponding position in the European species of Ardhramtherium. A 
foramen, probably the mental foramen, is visible beneath the anterior 
portion of this tooth. 

Pm^ resembles very closely the corresponding tooth in the typo 
mandible of Anthra^iohyus choeroides, except that the anterior cingu- 
lar cusp is rather more pronounced. No difference is noticeable 
between pmg in the two mandibles. 

It is difficult to feel certain as to the place to which these two 
fragments should be assigned, but assuming that they belong to 
Anthracohyus rather than to Anthracotherium, their size impels us to 
irefer them provisionally to the species Anthracohyus rubriccB, al¬ 
though they appear to be a little larger than would accord with the 
individuals to which either the upper molars or the lower teeth just 
described belonged. 
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Anthracohyus palustris n. sp. 

(PI. 3, figs. 7—9.) 

The types of this species are two well worn upper molars (G. S. I. 
Nos. B. 606» K. 18-847), which are distinguish^ by their size from 
all the other Pondaung species. One of these is figured in PI. 3, 
fig. 7. The bunodonty of the outer cones, the absence of a parastyle 
and the feeble mesostyle and metastyl^ link them to AfUhracohyus 
choBToides. Besides their superiority in size, they difEer from the 
other anthracotheroid upper molars of the Pondaung sandstones by 
the protuberance of the base of the tooth on the internal and 
postedor sides. The hypocone and, to a smaller extent the proto* 
cone, rise very suddenly from this swollen base, which thus produces 
somewhat the effect of a cingular shelf, in continuation of the 
posterior true cingulum, which at the same time is stronger and ex¬ 
tends further to the inside than in the other Pondaung species. 

3rd upper premolar. —There is so little difference except in size 
between this tooth (G. S. I. No. B. 608: PI. 3, fig. 8 ) and the 
corresponding tooth described under the head of Anlhracohym 
chcBToideSf that hardly anything need be added to that description. 
The cingulum between the posterior and internal cusps is, however, 
stronger in this than in the other, so that the outline of this corner 
of the tooth is convex instead of being concave. 

Last hw&r molar. —The specimen of an anthracotheroid m 3 
(G. S. I. No. B. 607) figured in Plate 3, fig. 9 can, on account of its 
size, be only referred to the pr^ent species. A protuberance, some¬ 
what similar to that noticed in the case of the upper molars, can 
here be observed on the outer base of this tooth. Its breadth index 
exceeds that of any of the other species except Anthracotherium 
crassum, and the tooth is also more brachyodont. The shape of the 
talon bears less resemblance to the usual anthracotheroid loop, 
than either in A. chaeroides or any of the other Pondaung species. 
This is due to the fact that the two hinder cusps are stronger and 
more distinctly separate from one another, and also that the crests 
connecting them to the 2 nd barrel are higher and run side by side, 
leaving no space for the usual cavity. 
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Antheacothebium pangan n. sp. 

(PL 4, figs. 1—3.) 

The upper molars of this species are almost precisely of the same 
size as those of Ardhracohyv^ rubriccB, but are distinguished by the 
presence of a distinct parastyle. Thus the outer cones are decidedly 
more selenodont. All the outer styles are feebler than in any of the 
hitherto described species of Anthretcotherium, but in the absence of 
knowledge as to any more important distinction than this, it does 
not seem feasible to separate it generically from these. Should 
further material give evidence of a canine and incisor region differing 
from ArUkracotkerium more than we anticipate at present, it might 
be necessary to consider the advisability of separating it from the 
latter genus. Until then we think it better to leave this species in 
the genus Anthracotherium, while recognizing that its upper molars 
display a tendency to approach those of Antkracohytis —a tendency 
which we fully expect will be borne out by the front portion of the 
jaw and dentition, when the latter shall be discovered. It is con¬ 
siderably larger than Anthracotherium dalmatinum the earliest species 
of the genus known up till now, but the lesser development of the 
outer styles in the present species indicates a more primitive condi¬ 
tion. The last lower molar figured in Plate 4, fig. 2, is provi¬ 
sionally referred to this species with which it agrees in size. No 
distinction can be drawn between it and the mg referred to A. ruh- 
riccB except a somewhat greater breadth index, especially notice¬ 
able in the talon. 

3rd upper premolar. —The specimen (Gr. S. 1. No. B. 618) figured in 
Plate 4, fig. 3, though much worn by abrasion during the animars 
life and badly weathered subsequently, is of inter^t because it 
displays characters which we associate with the corresponding tooth 
of ArUhracotherium^ and which distinguish it from pm® of Anthror 
cohyus. The ridges in front of, and behind, the main cusp are not 
puallel to the antero-posterior axis, but run in a direction oblique 
to it. In the antero-external angle of the tooth, there is a strong 
bulge in the outline of the outer wall quite distinct from the tapering 
anterior portion in pm® of Anthracohyus, while in the postero-intmial 
angle, the side of the main cusp slopes much less steeply to the base 
between the inner cusp and the hinder ridge. In consequence' 
of these features the outline instead of being subtriangular as in 
AfUhracohyus tends to be trapezoidal sus in ArUhracothefUunm Tide. 
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tooth is piovisionally referred to the species ii. ycmgan with which 
it seems to agree more nearly in point of size than with A. Graasum. 

Anthbacothebium cbassum n. sp. 

(PI. 4, figs. 4—5 and PI. 6, fig. 1.) 

The differences assumed to be of generic value, separating this 
species from the various species of AMhracohyus, are even less than 
in the case of A. pangan, since there is only a feeble parastyle and a 
weak mesostyle. Specifically it can easily be distinguished from all 
the other anthracotheroid species of the Pondaung sandstones by 
the extreme lowness of the tooth crowns. Moreover, although 
the base of the tooth is very broad, the cusps both on the outside 
as well as on the inside of the tooth slope towards the centre of the 
tooth at so great an angle, measured from the vertical, that the 
cusps are closer together in proportion than in the other species. 
The protoconule is also lower. There is no trace of an internal 
cingulum. The dimensions of this species would seem to be rather 
less than those of Anthracohyus rubriew. 

4ih upper premolar. —The specimen (G. S. I. No. B. 616), figured 
in Plate 4, fig. 4, probably belongs to the same individual as the 
two upper molars. Compared with the corresponding tooth of A. 
rubriccB, the most striking difference consists in the much more 
selenodont condition of the outer cusp owing to the elevation of the 
cingulum both in front of and behind the main cusp into moderately 
prominent styles. Further the stronger cingulum at the postero¬ 
internal angle gives the tooth a squarer and less triangular outline 
than in pm^ of A. rubricce. Finally a very distinct anterior median 
cusp is present. In all these features the tooth is clos^ to pm* 
of An^racotherium than to ArUhracohyus. 

Mandible. —The reference of this mandible (G. S. I. No. B. 617), 
figured in Plate 4, fig. 5, to the species A. craemm is, perhaps, 
more certain than any of the other provisional references of mandibles 
made in the present paper. The large breadth index, the high 
degree of brachyodonty and the closer approximation of the cusps 
correspond entirely to the similar features noticed in the case of 
the upper molars, and leave no doubt in our minds as to the correct¬ 
ness of the reference. 

The ramus is rather stout. The molars do not differ in any 
essential points of structure from those of the other Pondaung 
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spedes. The very maeh abbreviated talon is, however, worthy 
of mention and offers a very clear means of distinguishing m 3 in 
the species A. crassum. 

Last lower premolar .—If we compare this tooth with the pm^ of 
ArUhracohyus choeroides we shall be struck by its much stumpier, 
less elongated, appearance. Instead of tapering in front there is a 
distinct tendency to squareness, so that the tooth has almost a 
trapezoidal outline. The anterior cusp is situated rather to the 
inside of the antero-posterior axis, so as to give the wall of the tooth 
between it and the inner posterior ridge a concave instead of a con¬ 
vex outline, at all events near the base of the crown. In all these 
features we see a distinct approximation to the structure of pm^ 
in the European species of Anthracotherium. This tooth is not un¬ 
like pm^ of Anthracotherium bugtiense except that in the latter 
the anterior cusp does not lie internal to the antero-posterior axis 
and consequently there is no concavity in its outline. 


Anthracokeryx birmanicus n. gen., n. sp. 

(PI. 5, figs. 2—5.) 

The type of this genus and specie .8 is a right maxilla (G. S. I. No. 
B. 621; PI. 5, fig. 2 ) containing the three molars and the two hinder 
premolars. The molars resemble those of Microbunodon in structure, 
having, fairly pronounced outer styles and thus a greater tendency to 
selenodonty than in the case of Anthracohyus. From the latter genus, 
as from Anthracotherium, they differ also by the absence of a proto¬ 
style. Pm'* seems to differ in no essential respect from that of Mic¬ 
robunodon pm" has, however, an entirely different shape to the 
corresponding tooth in that genus. Instead of being almost equi- 
laterally triangular with a broad cingulum on two of these sides 
and no prominent inner cusp, it is elongated and in outline ia almost 
identical with pm® of Anthracohyus. The wear of the tooth in its 
hinder portion prevents us from comparing it in greater detail. 
Rhagath^um. and Haphbunodon resemble Microbunodon in the struc¬ 
ture of pm®. 

Upper milk molars .—The specimen (0. S. I. No. B. 624) figured 
ifa Plate. 5 , fig. 4, containing the last two left milk molars, may 
reasonably be referred to this species. Mm* differs in no respect 
from the permanent molars which have just been described,' and 
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might be that of a Microbunodon. Mm* difEers from that ol iln* 
thracotherium and Microbunodon by the much greater elongation 
of the front part of the tooth and by the absence, or at all events 
feeble development, of the mesostyle. 

In front of the two posterior cusps are three cusps which form a 
single diagonal line running from the postero-external cusp to the 
anterior end of the tooth, which tapers almost to a point. Of these 
three cusps the middle one is the tallest, the posterior one is partially 
united to the main one, and the front one, though well isolated from 
the others, is low. On the inside of the tooth a cingulum runs from 
the front end into the V-shaped valley adjoining the posterior pair 
of cusps. Rhagalherium and Haplohunodon difEer by having only 
two anterior cusps, by the diminution in breadth of the tooth in front 
of the posterior pair of cusps, and the consequent restriction of the 
V-shaped valley mentioned, and by the cusps being generally more 
bunodont than in the one before us. 

Lower molars. —The only lower molar which might from its size 
belong to the upper molars of Anthracokeryx hirmanicum is the frag¬ 
ment (6. S. I. No. B. 623; PI. 5, fig. 5) containing the hinder portion 
of nig. The most noteworthy feature about the talon of this tooth 
is the absence of any distinct double cusp. It agrees in this respect 
with the various last lower molars from the Lower Siwaliks referred 
to the species Antkracotherium {Microbunodon) silistreme Pentland, 
as well as with Antkracotherium {Microbunodon) mus Pilg. The 
European species of Microbunodon, however, appear to have two cusps 
in the talon. 


Anthracokeryx tenuis n. sp. 

(PI. 5, figs. 6—8.) 

We place here a collection of upper and lower molars (G. S. I. 
Nos. B. 625 and B. 626; PI. 5, figs. 6 and 7) which are much 
smaller than any hitherto referred to from the Pondaung sandstones, 
and which one of us collected from a single spot. They are only 
about one-third of the size of Anthracokeryx birmanicus, but difEer 
from the upper and lower molars of that species in no essential 
points of structure, difEerii^ from Anthracohyus by the stronger 
outer styles and by the absence of a protostyle. No specimen of 
nig is included in the collection from this locality. 
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From aaother locality comes another fragment of a right mandi* 
bular ramus (G. S. 1. B. 627; FI. 5, fig. 8) with mj and niy. This 
is slightly larger than the molars last described, but this difierence 
in size does not seem beyond the limits of individual variation in 
the Anthracotheroids. The points in which this specimen differs 
from the fragment (G. S. I. No. B. 623) described under the head of 
Anlhrawhyus birmanicus are the following :—^the ramus is very much 
shallower; there is no swelling beneath m^ accompanied nearer the 
base by a marked groove; the double cusp in the talon of m, 
is quite clearly indicated. 
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Amynodontidae. 

MeTAMYNODON (?) BIRMANICUS n, Sp. 

(PL 6, figs. 1—13.) 

The material upon which this species is founded is exceedingly 
fragmentary; moreover positive proof is lacking that the association 
of the individual fragments here described is real and not due merely, 
to coincidence, although as regards some of them there is strong 
evidence that such is really the case. Consequently we do not 
consider that either on the one hand the establishment of a new 
genus is advisable, or that on the other hand an unqualified reference 
to the genus Metamynodon is justified in view of the undoubted 
differences between the dentition of the Burmese species and that 
of Metamynodon planifrons. It is hoped that subsequent collec¬ 
tions will soon settle the question definitely, and completely elucidate 
the structure of this interesting form. 

The most perfect of the specimens which have been obtained 
from Myaing is the right mandibular ramus (G. S. I. No. C. 316) 
figured in PI. 6, fig. 1, with which there can be practically 
10 doubt that the canine (G. S. I. No. C. 317), figured in PI. 6, fig. 2, 
is correctly associated, as it was picked up in the same spot by one 
of us and its state of mineralization is additional evidence that it 
belonged to the same individual as the ramus. This is therefore 
taken as the type of the species. 

The fragment contains five teeth, but is fractured on both sides 
of the dental series. The entire depth of the ramus is shown in the 
middle, although the base of the jaw is missing both in front of, as 
well as behind, this portion. The teeth are well worn, the foremost 
one least so, while the third from the front is most worn, the amount 
of wear diminishing as we go farther backward in the jaw. There 
is also no zone of contact behind the last tooth, so that it is clear 
that the last three teeth are molars and the two foremost ones are 
pm^ and pm^. The absence of any zone of wear on the anterior 
wall of pm^, as well as of any alveolus in front of the latter tooth, 
makes it tolerably certain that both pm^ and pmg were missing. 

As will be seen from the measurements on page 71, all the 
teeth are laterally compressed, while the premolar series is consider¬ 
ably reduced as compared with the molar series, the united length 
of the two premolars being no more than two-thirds of the length 
of m,. 

F 
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Motors.—These are of a roughly rectilinear outline. They are 
composed of two crescents, the sutures between which externally 
have united to such a degree as to produce a practically continuous 
external wall to the tooth. This wall in mj and m 2 is regularly 
convex, but in mj forms a slight re-entrant curve. A very distinct 
cingulum is present on the external wall of m^, but there ^does not 
appear to be any trace of this in mj or m 2 . The surface of the 
molars is so worn that it is not possible to be certain that the anterior 
of the two crescents was the smaller of the two, although this was 
probably the case. At the antero-internal corner of m^, a distinct 
cingulum is present, but this is absent from any other part of m^jj 
nor is such a cingulum visible in a corresponding position in mj or mg. 

Premolars .—These are composed of double crescents of which 
the posterior one is the larger; moreover the front arm of the an¬ 
terior crescent bends round but slightly, though more so in pm^ 
than in pm,. Consequently the outline of the latter tooth is trian¬ 
gular. The suture between the two crescents on the external wall 
is visible far more plainly in the premolars than in the molars, be¬ 
ing shown as a very distinct furrow separating two convex sur¬ 
faces. 

Lower Canine .—This is a triangular tooth with an anterior ridge 
and two posterior ridges. The posterior surface of the tooth is 
slightly hollowed between the two hinder ridges, and laterally there 
is a faint groove visible both on the root as well as on the tooth. 
This is more marked on one side than on the other. On one side of 
the tooth the presence of a slight cingulum can be traced. 

The cusp summit of the specimen has been entirely removed by 
abrasion against an upper tooth. As the zone of wear forms an obli¬ 
que surface sloping backward at an angle of about 45° from the 
present summit of the tooth, it is likely that the wear has been pro¬ 
duced by an upper canine biting behind the lower canine, especially 
as the anterior ridge of this tooth appears to have had its sharp edge 
worn away by contact with another upper tooth which must have 
been an incisor. The position of the alveolar edge of the enamel 
as well as the curvature of the root, show that this tooth must have 
occupied an almost or quite erect position in the jaw. This consti¬ 
tutes an important difference from Metamynodon planifrons and 
shows that in our species the lower canine had as yet hardly begun 
to assume the procumbent position of later forms, which was des¬ 
tined in time to cause the atrophy of the upper canine through 
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disuse and the hypertrophy of the upper incisor through the lower 
canine biting against it. 

Comparisons .—The lateral compression of the teeth in this 
mandible, the obliteration of the external sutures of the crescents in 
the molars, and the small size of the premolars compared with the 
molars, points to an affinity with two known genera only, Metamy- 
nodon and Cadurcotherium. In size it agrees with Cadurcotherium 
minus of the Quercy Phosphorites, while it is smaller than the other 
species of Cadurcotherium, C. cayluxi, C. nouleti and C. indicum. 
The two latter species attain prodigious dimensions and characterize 
the Stampian of Europe and the Aquitanian of India respectively. 
Metamynodon planifrons very considerably exceeds the present spe¬ 
cies in size. The Burmese species appears to be nearer to Metamy¬ 
nodon than to Cadurcotherium. in the smaller lateral compression of 
the teeth. This is most noticeable in the last molar, the posterior 
crescent of which in Cadurcotherium bends round only slightly to 
the inside, being extended backward, and so causing the tooth to 
have a subtriangular outline, instead of the rectilinear one of Metamy¬ 
nodon. The shape of pm^ in our species on the other hand is 
more like the corresponding tooth in Cadurcotherium than in Jlfc- 
tamynodon. In the latter genus the anterior crescent is indistinct, 
and in any case its anterior arm does not curve round internally 
in the least. In Cadurcotherium the anterior crescent is distinct. 
Metamynodon shows no trace of an external cingulum, as present 
in m^ of our species. Cadurcotherium indicum, on the other hand, 
has an indication of such a structure, though not nearly as pro¬ 
nounced as in the Burmese species. 

The lower canine corresponds in general shape and condition of 
wear with the corresponding tooth in both Metamynodon and Cadur¬ 
cotherium, but is very much smaller than in cither of those genera. 
As far as we can judge, the teeth are much less hypsodont than those 
of Metamynodon and Cadurcotherium, while cement if it ever existed has 
at all events left no trace of its former presence on any of the teeth., 
In conclusion, while this mandible afEords us ample evidence for the 
existence of a species of Amynodont distinct from any previously 
known, exhibiting a much less degree of specialization than any 
described species of Metamynodon or Cadurcotherium, yet there is 
nothing which would enable us to decide whether this species was 
ancestral to both of the genera mentioned or to one of them only, 
and if the latter to which. We feel that in these circumstances we 

r2 
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must be guided by the indiiect indications afforded by the frag¬ 
mentary upper teeth about to be described. 

The most important of these remains is a collection of exceed¬ 
ingly broken and incomplete teeth found by one of us in a single 
spot and with very little doubt representing. the much weathered 
and disunited fragments of what were once the palatal and pre¬ 
maxillary portions of an amynodont skull. They include the 
internal portions of two right upper premolars (G. S. I. Nos. C. 
318, C. 319; PI. 6, figs. 3, 4), fragments of the ectoloph of three right 
upper molars, which, judging by the different stage of wear reached in 
each, must represent m^, m^ and m® (see PI. 6, fig. 8), an upper canine 
(G. S. !• No. C. 320), and portions of four incisors including G. S. I. 
No. C. 322 (PI. 6, fig. 7), representing three distinct types and therefore 
proving apparently the presence of three upper incisors. The presence 
of a persistent ectoloph in what we take to be m® (G. S. I. No. C. 
323; PI. 6, fig. 8) points, if we are correct in the assumption, to 
the jaw being that of an Amynodont. The metaloph is longer and 
less oblique than in the known species of Cadurcotherium and more 
resembles that of Amynodon or Metamynodon. Strong protoconal 
and paraconal ridges exist on the ectoloph of the molars. The 
premolars have a short metaloph, a small crista, and an internal 
cingulum, particularly well marked in the posterior portion of the 
tooth, but dying away against the base of the protoloph. This 
cingulum resembles that in the premolars of Metamynodon rather 
than in Cadurcotherium. In the latter genus it is stronger and conti¬ 
nuous all along the internal base of the tooth. 

The canine tooth (PI. 6, fig. ,^) has lost a portion of its postero¬ 
external side. It appears, liowever, to have had in cross section a 
transversely elliptical crown, when unworn, with a strong anterior 
ridge. Slightly internal to this ridge but in the anterior portion of 
ths tooth there is a large oblique zone of wear. The great size of 
this tooth agrees well with all the known Amynodonts, as also does 
ths antero-intemal zone of wear caused by the lower canine. 

From another locality various rhinocerotoid remains have been 
obtained which there are strong grounds for thinking are all amy¬ 
nodont, even though they may belong to a different species from 
the type mandible of Metamynodon (?) Urmanicus. The first of 
these is a portion of a left maxilla containing two premolars, which 
have lost their ectoloph (G. S. I. No. C. 324; PI. 6, fig. 9) and. in 
front of and in contact with the smaller of these two, a single root. 
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The piemolaTs are identical both in size and structure with those 
which have just been described. It seems certain, therefore, that the 
species possessed four upper premolars, of which the foremost was 
one-rooted. Cadurcotherium appears to have but three upper pre¬ 
molars, so that our species agrees in this respect with Metamynodon.^ 
A larger perfect premolar (G. S. I. No. C. 325; PI. 6, fig. 10) from 
the same locality may possibly be pm^ of this species. Here the 
protoloph and metaloph are united to form a central cavity, although 
the tooth is not in a very advanced stage of wear. The narrow 
isthmus separating the protoloph from the metaloph is visible, from 
which it appears that the metaloph was the more developed of the 
two. The cingulum is slightly more continuous internally than in the 
other premolars which we have described. The ectoloph has a strong 
paraconal fold, the parastyle being also marked. 

Associated with the last two specimens are two lower molars 
(including G. S. I. No. C. 326 ; PI. 6, fig. 11) which agree in structure 
perfectly with those in the type ramus except by being rather larger 
absolutely and less compressed laterally. These are obviously amy- 
nodont, and cannot, we think, be generically separated from the 
iaandible even if there should prove to be sufficient justification 
for referring them to another species. With these also occurred a 
lower premolar practically unworn, which is slightly larger than the 
corresponding tooth in the type ramus, but is probably identical in 
structure. This specimen (G. S. I. No. C. 327) is figured in PI. 6, 
fig. 12. It is triangular in outline with two crescents, of which the 
posterior one is the larger. The ectoloph is only slightly sinuous, 
with little trace of the suture between the crescents. 

Another specimen associated with the above is an upper molar 
(G. S. I. No. C. 328; PI. 6, fig. 13) probably in®, which by its size 
and structure might belong to the same species as the mandible. 
The tooth is rhomboid in shape the longest of its four sides bei::g 
the anterior and external, which are about equal in length. The 
posterior and internal sides are also equal in length and much 
shorter than the other two. A prominent paraconal fold is visible 
on the ectoloph and also a parastyle. A barely perceptible sinuousity 

^ Although the descriptions of Metamynodon state that it possesses only three upper 
premolars, yet the figure of the dentition in Osborn’s Extinct Rhinoceroses, Mem. Amer. 
Mu 8. 2fat Hist. VoL I, p. 91, filg. 10, shows a small pm^ This is perhaps Testigial. 
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marks the metacone. Both the transverse crests are inclined back¬ 
ward, the central valley being narrower and more sinuous- than in 
Metamynodon jthnifrons and more like either Amynodon or Cadur- 
cotherium. There is no sign of a crista. There is no internal 
cingulum. A considerable post-fossette is produced by wear. 

There remain the two one-rooted teeth figured in PI. 6, figs. 6 
i.nd 7. These come from the same locality as the other remains last 
described. The one of these (G. S. I. No. B. 321) has an antero-pos- 
terior diameter of 14’5 mm. and a transverse diameter of 16 mm. 
The external wall of the tooth is strongly convex, forming nearly a 
semicircle. 

The surface of the tooth has assumed, in consequence of wear, 
a crescent shape, the arms of the crescent being produced by the 
wear of an anterior and a posterior ridge. On the internal side of 
the tooth are two more ridges enclosing between them a small cavity 
and separated from each of the previously mentioned ridges by 
another cavity. Each of these cavities is bounded internally by a 
kind of cingulum. This tooth may be pm^, of which the root exists 
in a specimen which has been mentioned previously. The second 
tooth (G. S. I. No. C. 322) is somewhat similar to the last, but posses¬ 
ses a narrow neck, is less symmetrical and has a simpler structure 
with only a single main internal ridge with slight cavities on either 
side of it. This tooth is obviously an incisor. 

Accepting all these specimens as representing a single genus, 
it is quite certain that we are dealing with a primitive member of 
the Amynodontidw. The lateral compression of the lower teeth, 
their straight ectoloph and the reduction in length and in numbers 
of the premolar series (two lower premolars as against four in Amy¬ 
nodon), separate it, however, from Amynodon and clearly indicate 
that it is situated on a branch which had already begun to specialize 
in the direction of Cadurcotherium and Metamynodon. The presence 
of pm^, the smaller size and probably erect position of the lower 
canine, the greater complication of pm^ and the more brachyodont 
teeth are evidence that it has retained some of the primitive features 
of Amynodon which have disappeared in the Oligocene species 
Metamynodon ylanifrons. One may feel certain that these charac¬ 
ters, which distinguish our species from Metamynodon ylanifrons, 
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undoubtedly existed in the ancestral type which gave rise to the 
latter, so that the differences, though possibly of generic value, are 
not inconsistent with an attribution of it to Metamynodon as a 
primitive species of that genus, particularly in view of the obvious 
difficulty of defining such a new genus positively from the material 
at our disposal. 

The points in which it approaches Cadurcotherium, namely the 
rather more inclined ectoloph and the narrower median valley in 
the upper molars and the smaller space occupied by the premolars, 
would indicate that the hypothetical successor of the Burma species 
would be a marginal species of Metamynodon nearer to Cadurco¬ 
therium than the species Metamynodon ylanifrons. 


Measurements in Millimetres of Metamynodon (?) hirmanicus. 


Mandiblo. Typo Nob. 

C. 3ie 
C.317 


C. 326 

C.327 

Depth of jaw below . . . 

fiO 

* • 

■ • 

• • 

Thickness of jaw below . 

Antfcro-posterior diameter of molar and 

28 

• • 

• • 

• • 

premolar series .... 

141-7 

« • 

• • 

• • 

(Length. 

47-0 

45(T) 

• ■ 

• a 

Ms ] 





( Breadth ..... 

20-r» 

22-0 


• • 

(Length ..... 

38-5 


35-0 







C Breadth ..... 

20-5 


20-5 

• • 

( Length ..... 
Ml J 

( Breadth. 

29-0 


• « 

• • 

17-6 


• • 

• • 

(Length ..... 
Pnu) 

C Breadth. 

18-0 


• • 

20-5 

15-0 

■ • 

• .* 

16-0 

C Length. 

lo-O 


* ■ 

• ■ 

1 

12-0 




C Breadth ..... 


• • 

• • 

( Antero-posterior diameter . 

17-6 


• • 

a • 

C. ] 





CTranavorao diameter 

12-5 


• • 

w • 
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Measuremerits in Millimetres of Metamynodon (?) birmanicus —contd. 


Maxilla. 

C.328 

C.326 

C.319 

C.320 

C.324 

C Length .... 

• • • 

38-5 

• • 

• • 

MM 





(.Breadth .... 

■ • « 

370 

••• 

• • 

r Length .... 
Pm* ] 

( Breadth .... 

• • • 

21-0 

• • 

• • 

• • • 

32-0 

• • 

• • 

(Length .... 

• • • 

• • 

• * 

19(7) 

Pm® j 





( Breadth .... 


• • 

• • 

29-6(7) 

C Length .... 
Pm* ] 

(Breadth .... 

• • • 

• • 

16- 

14-0(7) 

• • • 

• • 

• • 

•• 

C, Max. diameter 

• • • 

• • 

21-0 

• • 


Titanotheriids. 

TeLMATHERIUM (?) BIRMANICQM n. Sp. 

(PI. 5, figs. 9—11.) 

This species is represented by five fragments of upper molars, 
two of which are almost identical in shape and comprise the antero- 
internal quarter of two of the upper molars probably occupying 
successive positions in the maxilla and being either m® and m® or 
m^ and m®, two other portions of the wall of the external cres¬ 
cents, and another an isolated protocone. A sixth fragment con¬ 
sists only of the internal half of what we take to be the last upper 
premolar. Three of these pieces are figured in Plate 5, fig. 11. 

It is obvious that these are not chaUcotheroid; first because 
there is no trace of a protoconule which in the Ckdicotheriidce is 
always present between the protocone and the paracone, being in¬ 
variably united to the latter by a transverse crest; secondly because 
the protocone in our specimens lies considerably more behind the 
level of the paracone than is the case in the ChaUcotheriidce ; thirdly 
because in pm* there is a single large rounded and isolated inner 
cusp—the protocone, which is totally unconnected with the two main 
outer cusps, — a condition which never occurs in any Chalicotheroid. 













Part 1.] PiIgrim & Cotter : l^ocene Mammals from Burma. 

In that family the protocone in the premolars is connected to 
the outer cusps either by a single or by a double crest. In addition 
to these specific difieTences, the general structure of the tooth is 
unlike that of any Chaliootheroid that is known to us. 

On the other hand it approximates so nearly to that of many of 
the TitanotheriidcB that we have no hesitation in assigning these 
fragments to that family. A careful comparison with the various 
known species of the TiiamtheriidcB convinces us that the Burmese 
fragments belong to a new species, but whether this is to be referred 
to one of the known genera of that family, or whether it belongs to a 
new genus, is a point which the material at our disposal is insufficient 
to enable us to determine. We shall therefore do no more than 
indicate its probable affinities, leaving a definite conclusion to the 
future, when we may hope that more abundant material may come to 
light. 

One of the most crucial points which has presented itself to us 
for decision in connection with the material belonging to this species, 
is the position in the jaw of the tooth (G. S. I. No. C. 315) figured 
' in PI. 5, fig. 11. Although in some respects this specimen re¬ 
minds us of the last upper molar in some of the Upper Eocene mem¬ 
bers of the Palceosyopince, yet its small size as compared with the 
two other specimens of the upper molars, militates against this view. 
Further the almost rectangular shape of the inner portion of the 
tooth, which alone is preserved to us, is inconsistent with the external 
widening which we must assume to have taken place in m® of this 
species. Again the faint V-ing of the line which connects the two 
external crescents points to these being more closely connected than 
is the case in the last upper molar of a Titanothere. On the other 
hand these features are such as the last upper premolar of that 
family would present, the only peculiarities being the rounded 
nature of the inner cone, and the highly developed cingula on the 
anterior and posterior margins of the fragment, dying away inter¬ 
nally and apparently also on either side of the two main external 
cusps. 

It is evident that this simple structure of pm* prohibits the possi¬ 
bility of this species being one of the TitariotheriincB of the Oligocene, 
while on the other hand the increased development of the cingulum 
and the absence of an intermediate tubercle point to its representing 
one of the latest developmental stages of the Eocene sub-family of 



74 Uecordit of the Geological Survey of India. [VoL. XLVll. 

the PalcBOsyoyincB. A similar indication is afforded by the £cag- 
mentary upper molars in which the protocone is rather lofty, and 
the only vestige of a protoconule is the presence of a minute row of 
beads, fringing the protocone between it and the paracone. These 
start from the prominent cingular protostyle and culminate in a 
more elevated portion some 13 mm. to the rear, diminishing again 
behind this point. 

Attention may also be called to the presence in one of the speci¬ 
mens of a broad, gently rounded, median fold in the centre of the 
external paraconal wall of the tooth, although in the other specimen 
no such fold is visible. According to Earle such a median rib is 
characteristic of all the early Titanotheres, tending to vanish in the 
Upper Eocene and being entirely absent in the Oligocene sub-family 
of the T'ilanotheriince. In any case the external lobes are broad 
and flat and considerably elevated, like those of the latest members 
of the Palaeosyoys-Diplacodon phyla. 

Perhaps taking everything into consideration the present species 
shows greater affinities with Telmatherium than any other known 
titanotherid genus. 

III. AGE OF THE MAMMALIAN FAUNA. 

It must be borne in mind that the real evidence for ascribing 
this mammalian fauna to the Upper Eocene is derived wholly from 
the stratigraphical relations of the beds containing it to the 
Yaw stage, which has yielded marine Mollusca and Foraminijera 
affording undoubted proof of correlation with one of the upper 
Eocene stages of Europe. This is fully discussed on page 44. 
Since we have at present no knowledge of any other mammalian fauna 
in Asia earlier than that of the Bugti Hills, which can hardly be 
placed into a lower stage than the upper Aquitanian, it is only 
possible to compare the Pondaung species with the older faunas of 
regions as remote as Europe or America, a comparison which can 
hardly be conceived as likely to yield very accurate results. At the 
same time such evidence of age as this fauna affords, is in entire 
support of that which the geology of the formation furnishes. 

The anthracotheroid types, while including one which does not 
appear to differ essentially from that which we first meet as the 
species Ardhracotherium dalmatinum of probable Auversian age, and 
which is represented by numerous other species in successive geolo¬ 
gical stages as far up as the Aquitanian, also include the bunodont 
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species referred to the new genus Anihracohyus, which undoubtedly 
indicate an earlier developmental stage than any hitherto recognized 
and one which probably gave rise to Anihracoiherium, proper. The 
species Metamynodon Jnrmanicus though perhaps not the direct 
ancestor of the hitherto known species of Metamynodon, which are 
confined to the Oligocene, is certainly more primitive than the latter, 
possessing features which seem to represent a stage parallel to, but 
the equivalent of, the Eocene Amynodon. Finally the Pondaung 
Titanothere is clearly distinguished from the known Oligocene 
members of that family by the absence of a second internal cusp in 
the upper premolars, while on the other hand the absence of a pro- 
toconule in the upper molars, and certain other features noticed 
on pp. 73 and 74 point to its representing one of the later develop¬ 
mental stages of the Eocene Titanotheres, very similar to that 
which is represented by the upper Eocene species of Telmalherium. 

EXPLANATION OF PLATES. 

PLATE 1. 

Geological Muj) of the country north of Myaing, I’akokku district; scale 1 
inch—1 mile. 


PLATE 2. 

Eios. 1-4 .—Anihracohyus eJunroides n. gen. n. sp. All figures natural size. 

Eiu. 1.—Last loft upper molar; iiat. size ; surface view. 

Eic. 2.—Third right upper preniolar ; nat. size ; surface view. 

Fiu. 3.—Right ramus of mandible, showing pm 4 , mj, m^, m, ; external view. 
Fio. 3a.—Isolated right lower pm 3 , but belonging to above mandible ; external 
view. 

Fiu. 36.—Isolated right lower pm 2 , belonging to above mandible; external view. 

Ftg. 3c.—I solated right lower pm^, belonging to above mandible; external 
view. 

Fio. 3d.—Isolated right lower canine of above mandible; external view. 
h'lQ. 3e.—Three incisors, probably right i^ and left ii and 13 , of above mandible ; 
external view. 

Fig. 4 ■—Surface view of specimen shown in fig. 3. 

Fig. 4a.—Surface view of specimen shown in fig. 3a. 

Fig. 46. —Surface view of specimen shown in fig. 36. 

Fig. 4c.—S urface view of specimen shown in fig. 3c. 

Fig. 4d.—Surface view of specimen shown in fig. 3d. 

Fig. 4e.— Surface view of specimen shown in fig. 3e. 

Figs. 5-7 (a>nd Plate 2, figs. 1-6). —ATithracohyus ruhricce, u. sp.; all figures 
natural size. 



76 ttecords of the Geotogicat Survey of India. [Voi.. XLVtt. 

Fto. 5 .—^Right upper molar (m*), surface view. 

Fio. 6 .—Bight upper molar (m^), surface view. 

Fio. 7.—^Portion of left ramus of mandible, showing pm, and roots of pm, 
surface view. 


PLATE 3. 

Figs. 1*6. —Anihracohyiia rvbricce, n. sp. All figures natural size. 

Fra. 1.—Bight upper molar, m^, external view (same specimen as is figured in 
Plate 2, fig. 5). 

Fig. 2.—Bight upper molar, m^ external view (same specimen as is figured in 
Plate 2, fig. 6). 

Fig. 3.—Fourth left upper premolar ; surface view. 

Fig. 4.—Left lower third molar ; surface view. 

Fig. 6.— Portion of left ramus of mandible, with m,, m^ and pm,. 

Fig. 6.—^Portion of left ramus of mandible showing pm, and roots of pm,; 
external view. 

Figs. 7-9 .—Anihracohyus palustria, n. sp. All figures natural size. 

Fig. 7.—^Laat left upper molar; surface view. 

Fig. 8 .—Bight upper third premolar; surface view. 

Fig. 9.—^Last right lower molar; surface view. 

PLATE 4. 

Figs. 1-3 .—Anthracotherium pangan, n. sp. All figures natural size. 

Fig. 1.—^Upper left molars, m^ and m^ ; surface view. 

Fig. la.—^The same ; external view. 

Fig. 2.—^Last left lower molar; surface view. 

Fig. 3.—^Third right upper premolar; surface view. 

Figs. 4-5.— AtUhracotherium crassum, n. sp. All figures natural size. 

Fio. 4. —^Bight upper fourth premolar; surface view. 

Fig. 6 .—Portion of right ramus of mandible showing m,, m,, m^, and pm, 
surface view. 

Fig. 6 a.—^The same; internal view. 

PLATE 5. 

Fig. 1. —AnUvracotherium craamm, n. sp.; siuface view of two left upper 
molars, m^ and m^ ; nat. size. 

Figs. 2-6 .—Anffimcoheryx birmanicua, n. gen. n. sp. All figures natural size. 
Fig. 2.—^Three right upper molars and two premolars; external view. 

Fig. 2a.—Surface view of above specimen. 

Fig. 3.—^Another specimen; portion of maxilla with two uppor right molars, 
m® and m^; ettemal view. 

Fig. 3a.—Surface view of above specimen. 

Fig. 4.—^Third and fourth left upper milk molars; surface view. 

Fig. 5.—^Portion of mandible and of the last left lower molar. 

Figs. 6 - 8 .—AiUhracokeryx tmuia, n. sp. Figs. 6 and 7, magnified twice; fig. 
8 , natural size. 
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Fig. 6 .—^Portion of mandible with one pennanent and one milk molar; burface 
view; mag. twice. 

Fig. 7.—First and second upper molars; mag. twice. 

Fig. 8 .—^Portion of the right mandibular ramus from a larger individual, show- 
ing the second and third molars. 

Figs. 9-11.— Tdmatherium (?) birmanicum, n. sp. All figures natural size. 

Fig. 9.—^The antero-intcmal portion of a right upper molar; surface view. 
Fig. 10.—External portion of an upper molar, showing the gently rounded 
median fold; external view. 

Fig. 11.—^Internal portion of last upper premolar; surface view. 

PLATE 6. 

Figs. 1-13 .—Metamynodon (?) hirmanicua, n. sp. 

Figs. 1 and la, reduced to one-half natiiral size; the remainder, natural size. 
Fig. 1.—Bight mandibular ramus with three molars and two premolats; ex> 
ternal view ; reduced by 

Fig. lo.—^The same ; surface view ; reduced by J. 

Fig. 2.—Right lower canine ; side view. 

Fig. 2a.—The same ; surface view. 

Figs. 3 and 4.—Internal portions of two right upper premolars. 

Fig. 6 .—Right upper canine; side view. 

^Fig. 6o.—T he same ; surface view. 

Fig. 6 .—An upper premolar, probably pm' ; side view. 

Fig. 6 a.—The same ; surface view. 

Fig. 7.—Probably an incisor; side view. 

Fig. 7a.—^The same ; surface view. 

Fig. 8 .—Surface view of the posterior portion of a right upper molar, m^. 

Fig. 9.—Portions of two left upper premolars which have lost their ectolophs; 
surface view. 

Fig. 10.—A right upper premolar, probably pm*; surface view. 

Fig. 11.—An isolated left lower molar; surface view. 

Fig. 12.—An unworn lower left premolar, pm 4 ; surface view. 

Fig. 13.—^A left upper molar, probably m®; surface view. 
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MISCELLANEOUS NOTES. 


Chemical composition of the Red Marl of the Salt Range, 

Punjab. 

In his Notes on the Salt Deposits of the Cis.Indus Salt Bange {Records, 
1914, Part 4) Dr, Christie had occasion once more to discuss the Red Marl 
(Salt marl) of the Salt series. I am satisfied that this series is of Cambrian 
or pre-Cambrian age and I certainly agree with Dr. Christie as to its sedi¬ 
mentary origin. There is one addition to be made regarding the latter 
statement. I happen to have made some years ago a quantitative analysis 


of Bed Marl and the following is the result:— 

SO,.19.64 

SO 3 .16.45 

AljOs.7.46 

FogOs.2.04 

MgO.7.32 

CaO. 21.98 

Lobs on ignition . . . . . . . . 25.46 


Total . 100.35 

From this composition I calculate in round numbers the following 
proportions of minerals:— 

Qnartz (SiO,) ........ 9 

Clay (AlgSi, 07-t-2 HjO). 20 

Gypsum (CaS 044*2 H 3 O) ...... 35 

Hsomatite (FG 3 O 3 ) ........ 2 

Dolomite [(Ca, Mg) COg]. 34 


Total . 100 

Calcium and magnesium carbonate arc present in almost the exact pro¬ 
portion of pure dolomite CaCO.., + MgCO^. The amounts are 18*66 parts 
of the former and 15*30 of the latter. Flemming’s early analysis gave 


the same minerals but only qualitatively. The proportion of heematite 
appears small considering the intense colouring of the soft rock. 

When heated before the blowpipe the Red marl melts to a nearly col¬ 
ourless glass. It is impossible to imagine that the rock has ever been 
subjected to a high temperature through volcanic conditions. If it had 
been it would now be of the nature of a glass or a pumice, very different in 
appearance from its present state. 


[H. Warth.] 
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Corrective Note on the Age of the Tertiary of Java. 


In a paper entitled “ Notes on the Value of Nummulites as Zone Fossils ” 
published in Vol. XLIV, p. 52 of these Records, I suggested that the fauna 
of Nanggoulan was Lutetian in age. and that the Preanguer limestone was 
Oligocene ; both these formations having been placed in the Oligocene 
by Verbeek and Fennema in their work “Description geologique de 
Java et Madoura.” Dr. Verbeek has now written to me pointing out 
that he had himself in 1908 revised his former estimate of the age of these 
beds. In a work entitled “ Rapport sur les Moluques ” p. 495, Dr. Verbeek 
places the Nanggoulan beds in the Upper Eocene, and retains the Prean¬ 
guer limestone in the Oligocene. It appears therefore that my suggested 
revision of the Java Tertiaries, though sound enough, came a little late ; 
the whole matter having been already discussed, and the necessary revision 
made, by Dr. Verbeek in the above-mentioned work, which was not known 

to me at the time of writing my paper. ^ ^ 

[G. deP, Cottebj. 
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VIIL—SuMMABY.133 

I.—INTRODUCTION.! 


O N commencing fiedd work in the Chhindwara district of the Central 
Provinces in November 1911, I happened to place my first 


* Ry L. L, Fermor, 
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camp near the large village of Linga, 6 miles south of Chhindwara 
town. Working amongst the basaltic lava flows of Deccan Trap 
age that surround this village, I soon discovered some indubitable 
dolerites, of much coarser grain than any of the basic lavas I had 
hitherto noticed elsewhere in this formation, examined in widely 
separated parts of India. Consequently, I commenced to map in 
detail a selected area round Linga with the object of determining 
whether the doleritic layers in the Deccan Trap formation are in¬ 
trusive sills, as in the case of the dolerites of Skye, and as des¬ 
cribed by Dr. A. Harker in his ‘ Tertiary Igneous Rocks of Skye,’ or 
whether they are extrusive lava flows, as seemed more probable 
judging by the scanty knowledge of the detailed natural history of 
this formation already in the possession of the Geological Survey of 
India.^ 

My collaborator in this paper, Mr. C. S, Fox, then recently 
appointed to the Geological Survey of India, joined me a few days 
later for his first field season ; after working together for a while 
we separated, Mr. Fox ma})ping the northern and western portions 
of the area selected for survey, and I the southern and eastern 
portions. Careful work with the aneroid speedily showed that the 
traps were by no means liorizontal; and, as a result of previous 
experience of the irregularly-eroded basement of older rocks on which 
the Deccan Trap flows have fre(picnt]y been poured out, I was 
naturally inclined to interpret the irregularities in the Linga area 
as due to the adjustment of the trap flows themselves to the 
contours of the underlying Archaean svirface. This led me into 
difficulties, and it was only on finding fhe i)alm-tree exposure near 
(.hikhli that 1 recognised the. probability of the existence of folding 
in the traps. Meanwhile Mr. Fox had already been successfully 
the idea of folding, and consequently 1 asked him to return 
to the area at the end of the .season, when the crops were cut and 
most of the stream-beds dry, and finally to settle the question. 

This he has done wdth great care and ability, establi.shing almost 
conclusively the existence of a parallel .series of gentle anticlines and 
synclines striking W. by N. and E. by S., and pitching slightly to 
the E. by S, He has also disentangled from the changes of eleva¬ 
tion resulting from these tectonic dips, those due to a sag in the flows, 
caused probably to a pre-trappean valley in the underlying granites 

^ A brifit nntiot' of this investijfation lias already been given in the General Report 
or 1911, Mecorda, O. S. I., XLll. j». 88, (1912). 
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running northwards from Linga towards Ohhindwara. These dips, and 
other irregularities, are discussed at length in section V of this paper ; 
but I have felt impelled to draw attention to them here, because the 
folding thus established by Mr. Fox is, perhaps, the most important 
fact about the Deccan Trap elicited by this investigation. 

During the field season of 1912-13, I was able to follow the railway 
cuttings up the ghats at Jamunia, and to obtain evidence, which, 
added to that shown in road sections up the Amla Ghat on the 
Nagpur-Chhindwara road, renders it qriite certain that the lava 
flows have been considerably disturbed since their consolidation.^ 

Furthermore, in April 1913, Mr. Fox and I met once again at 
Linga in order to clear up certain difficulties ; we then obtained 
clear evidence of a fault traceable at intervals for IJ miles, with a 
downward throw to the north of not less than 30 to 40 feet. This 
discovery has emboldened us to insert on the map smaller faults 
at two spots where the evidence is less clear. 

We have arrived at the conclusion that the dolerites are not 
intrusive sills, but are true surface flows; flow 2 is particularly 
doleritic, but every flow tends to be doleritic towards the base. 

In other parts of the district, dykes, both of basalt and of dolerite, 
pierce not only the older formations but also the Deccan Trap flows 
themselves ; consequently, we do not deny the possible existence of 
intrusions following the bedding planes of the extrusive flows. 
Such a case has yet to be proved, however. 

Whilst the credit of discovering and Avorking out the folding 
belongs to Mr. Fox, I happened, by the accident of prior arrival, to 
discover the existence of the cratcrlets of Shikarpur, which we 
worked out together. Whilst wc were unable at once to decide 
w|;iat interpretation to place upon these curious cavities—^unique, I 
believe, in the Deccan Trap formation as at present known—^we are 
now agreed that they most probably represent vents in the surface 
of a lava flow maintained for the escape of steam and gases, and 
sometimes perhaps, of lava, from still molten pools within the 
otherwise solidified flow. 

Between each pair of flows (except 2 and 2A)—5 in number— 
existing in this area, there is an Intertrappean layer composed either 
(1) of ‘ green-earth,’ or (2) of a silicified sediment (limestone) of 
fresh-water origin, often full of fresh-water fossils ;• but frequently 


* Poth these sections lie some miles to the south oi the erea hoi» described. 
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(3) of both green-earth and sediment together. Green-earth is a 
very wide-spread material, occurring not only in these Intertrappean 
horizons, but also, frequently, within the flows themselves. It is 
probably the result of alteration of the basalts and dolerites, but 
its exact composition and mode of formation arc being subjected to 
careful study by Mr. Fox, who hopes to publish later an account of 
his research. Any detailed discussion of its composition and origin 
is, therefore, omitted from this paper. 

As has been noticed in the General Keport of the Geological 
Survey of India for the year .1912 {Records, G. S. /., XLIil, p. 32), 
the Infratrappean (Lameta) horizon, between the Archaean crystal¬ 
lines below and the Deccan Trap above, is of extremely complex 
character, consisting partly of true sediments, and ])artly of calcified 
and silicified representatives of the underlyijig crystallines. The 
discussion of this question, and couso<j[uently that of the alteration 
of the basal trap flow, is, however, beyond the scope of this paper, 
if for no other reason, because the area described contains no im¬ 
portant exposure of these rocks ; consequently no attempt is made 
here to describe and discuss the contact ettects of the Chhindwara 
lavas on the underlying rocks. 

In order that the map attached to this paper may be of the 
maximum value to the visitor to Chhindwara, it has been extended 
far enough northwards to include t hat town, which stands partly on 
granite and partly on Deccan 1’rap. 

For purposes of compilation wc have divided between us the 
Work of writing the several sections of this paj)er, and I have attempt¬ 
ed to combine the results into a homogeneous whole : but as my 
colleague is now serving with the Royal Engineers in France, he has 
had no opportunity of reading this pa]>er as finally revised, so that 
it may conceivably contain statements that he might have wished 
to see modified. 

II.—THE DISTRIBUTION OF THE FLOWS. 

From the map (Plate 10) accomi)anying this paper it will be 
seen that we have recognised and majjped five flows of basaltic 
lava in the Dinga area. They are numbered frojn the base upwards 
as flows 1, 2A, 2, 3, and 4, of which flow 2A has pot been recognised 
in the northern parts of the area, where flow 2 rests directly on 
flow 1 without the intervention of flow 2A. Well-defined Inter- 
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trappcan horizons, frequently carrying fresh-water fossils, separate 
from each other flows 1 and 2 (in the north), flows 1 and 2A (in the 
south), flows 2 and 3, and flows 3 and 4. 

In the absence of any such intervening Intcrtrappean horizon it 
has been found impossible to separate flows 2 and 2A throughout 
the area mapped; where this separation has been effected, it has 
been based on a vesicular horizon at the top of flow 2A underlying 
the amygdaloidal base of flow 2, and giving rise to well-defined 
terraces of flow 2 resting on flow 2A. 


The * Lametas.’ 


The lowest flow rests almost directly on the Arch&ean gneisses 
and granites, there being as a rule a thin 
separating horizon of gritty impure limestone, 
the so-called ‘ Lairieta limestone ’ of the Oentral Provinces. In some 
sections this limestone passes gradually downwards into the under¬ 
lying gneisses and granites through a zone of partly silicified rock. 
Indeed, all our observations indicate tliat the limestone is a product 
of the replacement of the ancient crystalline rocks by calcium 
carbonate, derived probahl}' from the overlying traps ; it is possible 
that this process of alteration and replacemejit is still in active 
operation. 


Good exposures of this calcified gneiss arc to be seen in the 
Ramdoh, liodri, and Kulbehra streams. The neatest exposure to 
Chhindwara is at the lime-kilns south of the railway station. 

Starting from ('hliiudwara town the lower boundary of flow 1 
pursues a general southerly course as far as 
the liodri stream, and then sweeps westward 
past Ghandangaon and Khairwara to the edge of the present map. 
This, the lowest flow, apjtears to have abutted against a granitic 
ridge, situated to the south of Chandangaon, and accounting by its 
presence for an overlap of flow 2 directly on to the crystallines. 

In addition to this northern fringe, numerous inlicrs of flow 1 
are seen in the valley of the Kulbehra (see map) and the tributaries 
that join it from the west. One of tliese inliers occupies the bed of 
the Kulbehra continuously for several miles between Paunari and 
Bisapur. 

The second flow occupies, probably, a greater exposed area than 
. flow 1, especially if considered in conjunction 
’ with flow 2A, Throughout the Linga tract 

flow 2 is separated from flow 1 by a remarkably persistent zone of 
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^een-earth, which is from 2 to 12 feet thick and consists of a well- 
defin^ seam of green-earth passing upwards into the unaltered 
dolerite of flow 2. 


To the north of Linga only one flow has been mapped between 
Flow 2A. flows 1 and 3, but to the’south there appear to 

be two well-defined flows in this position. The 
lower of these is distinguished as flow 2A, and, as will be seen from 
the map, occupies a considerable area along a belt of country stretch¬ 
ing from Palamau and Buchnai to Bisapur in the south-east corner 
of the map. 


Flow 3 tends to occur as scattered outliers of elongated shape, 
Flow 3 longer axis oriented roughly east and 

west; but on the western border of the map— 
near Tekari and Koramau—this flow covers a considerable area. 

Flow 4, the topmost flow, is represented, in the area described, b)^ 
Flow 4 outliers, one ’’of them very small, 

capping Bandarjhiri Hill. It is, however, of 
frequent occurrence in the western parts of the (’hhindwara district 
close to the Betul border. 


On consulting the map, it is seen at once from a comparison of 
the distribution of the lava flows with the 
Thickneu of the ows. topography, that the surfaces separating the 

respective flows cannot be smooth planes. (Note particularly 
the distribution of flow 1 with reference to th(i river system). 
A certain degree of care has, therefore, to b<? exercised when 
using aneroid readings for calculating the thicknesses of the 
separate flows. The thickness of flow 1 is usually considerable, 
sometimes as much as 60 feet, and in places (iven greater. Flow 
2A appears never to be much more than 45 feet thick ; but flow 2 
may be as much as 90 to 110 feet thick, e.g., near the village of 
Murmari (assuming the absence of flow 2A at this point). Flow 3 
averages 70 feet thick, whilst that portion of flow 4 still left on 
Bandarjhiri Hill is 30 feet thick. Thus we have in the Linga area 
5 flows with an average thickness of about 60 feet, giving a total 
thickness of about 300 feet. 

The same flows, with thicknesses of the same order of magnitude, 
cover the great tract of country stretching for many miles to the 
S. W. of Chhindwara town. But on the western border of the 
district, adjoining Betul, these flows possess an average thickness 
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of only 15 to 20 feet, and are overlain by higher and similarly thin 
flows; at the same time the fossiliferous horizons become rare or 
entirely absent. 

In eastern Betul and southern Seoni, according to the evidence 
at present collected, by far the greater portion of the trap area is 
occupied by flows 1 to 4 of the Linga area, so that we must conclude 
that the Deccan Trap of the part of the Satpuras comprising eastern 
Betul, southern Chhindwara, and southern Seoni, is merely a thin 
crust, rarely more than 300 feet thick, and built up of the same 
flows as occur in the Linga area.^ 


That the same flows should have spread over so large an area 
. indicates in the first place that the lavas were 

re- rappean tu ace. extremely fluid. In the second place it pro¬ 

bably indicates that there was a general direction of slope to the 
country, corresponding, of course, with the pre-trappean drainage 
system; for it seems improbable that the lavas, however fluid, would 
have flowed to such distances from their fissures of eruption 

unless they had been helped by at least a slight gradient. 

But the absence of inliers of Archaean rocks [in the main Trap 
areas indicates that the relief of this pre-trappean surface must have 
been very low. The surface was in fact a peneplain, consisting 
of a slightly undulating plain with small hillocks and such slight 
depressions as are seen to-day in the crystalline country west of 
Chhindwara. 

In the Linga area traces, of which the N.-S. sag noticed on 

—4 pafie 110 is the most certain, of the pre-trap- 
Tne pre>trappcan ana ^ ° , .it -i i 

aosMrappcaa drainage pean river system seem to be discernible in the 

overlying flows. The partial reproduction by 
the lavas of the relief of the underlying surface may be due 
in part to the lavas having been less fluid than their wide 
extension suggests and in part to the diflereiitial efiects of contraction 
as the lava cooled, the amoimt of vertical contraction being 


* Much greater thicknesses of lava have, however, been found to exist in other parts 
of the Satpuras. Thus one of us (Fox) estimates the existence of 1,200 to 1,600 feet cl 
lava in the high tracts te the north of Amarwara in the Chhindwara district {Mec. 0.8. 
XLV, p. 130, 1016); Mr. Vinayak Ban estimates the lavas on the western border 
of the Seoni district, adjoining the Amarwara tracts, to be 1,600 feet thick {toe. eit., 
p. 134); Mr. Burton records the existence of 9 flows in the northern parts of the same 
district, with a total thickness of 776 feet (foe. eii., pp. 30-131); whilst one of us 
(Fermor) and Mr. Hallowes have detected in the Man^a district 7 flows with the base 
net seen, of which the uuddle five flows totalled to 400 feet (fbc. eit., p. 128). 
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greatest where the depth of lava was greatest, namely over the 
buried valleys.^ 

The relief of the surface at the close of the eruption of the first 
flow would thus tend to be a faint copy of the pre-trappean relief, 
and denudation acting during a prolonged Intertrappean interval 
would accentuate this relief, the tendency being thus for a perpetua¬ 
tion of the pre-trappean drainage lines. The direction of banding 
of the gneisses underlying the traps of Linga is probably approxi¬ 
mately E. to E. S. E., and consequently many of the valleys and 
ridges of the pre-trappean surface were probably aligned in this 
direction ; but it so happens that a system of folding has been 
superposed on the traps (see section V) with its fold-axes parallel to 
the same direction : the more marked effects of the foldinji have, con- 
sequently, made it very difficult to detect traces of a pre-trappean 
drainage system with the same alignment. But this folding has 
not been able to obscure the traces of a probable N. and S. main 
drainage channel reflected in the sag in the traps referred to on 
page 110 ; the valley indicated by this sag is possibly the original 
cause, in the manner outlined above, of the present position of 
the main drainage channel of this area, namely, the Kulbehra, 
which pursues an average north and south course across the Deccan 
Trap area. The tributaries of the Kulbehra have, it will be seen, an 
average E. 8. E. alignment, but this, perlia]>s, cannot be regarded as 
due to the preservation of the original direction of the tributaries 

* This suggestion may liu by a HiinpU* t'i'<lciila1ii)ii. Afcimliiig to somu ex¬ 
periments made by Bistdiof in 1841, if the volume, t»f niolleii be (uken as unity, 

then the volume of tbo same eookxl to glass is aiul hIhii solidified in thi» crys¬ 

talline condition is 0*8960 (see 1<\ Zirkel, ‘ lj<‘lirbiicli de-r retrograi)liie,’ I, ]*. 683, 2nd 
Edit., 1893); whilst according to ex|«’riments by R. Mallet, on f be cubic coiitriUition 
of blast-furiAce slag near basalt in comi)osition, carried out at Barrow in Cumberland, 
the total contraction Ixstwecn 3,680“ E. and .IS” 1*'. is 67/1 (KK), the volumes of molten 
and cooled product being therefore as 1 : *933. The cjooled ]irodu(;t was half glassy 
(see ‘Volcanic Energy,’ Fhil. Trau»., CLXlll, p. 201, 1873). Allowing for this wo 
may deduce from Bischof’s and Mallet’s results a cubic coiilnuitiun from the molten 
condition to the cooled solid of about 10 per cent. It is difli<‘ult to estimate what pro¬ 
portion of this contraction would apjwar as a vcfrtieal component, but allowing for the 
probability that all contraction of the lava while it was still plastic would tend to affect 
the Vertical component, it seems probable that the total contratdiion in the vertical 
direction would be about 4 to 5 per cent. In the case where a valley 10 foot deep tra¬ 
versed the ground oovertid by a flow of basalt, the c<intraction of this extra thickness 
of basalt would, it is true, produce a maximum diffonMitial depression of the surface of 
only about 6 inches, whilst the depression at the surface eaused by u valley 30 foot deep 
would be only some 16 to 18 inches d«jcp at a niaxiniuin. I’hese amounts are small, 
but they indicate the probability of a gcuioral tendeiie,y for the lava t<» slope towards 
the position of buried valleys, which ’ would inevitably have its effect in dutormiiuug 
the position of the new drainage lines. 
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of the pre-trappean main drainage channel, but as a function of the 
folding of the traps. It may be suggested, however, as a possibility 
that the post-trappean drainage system was established parallel to 
the original pre-trappean drainage before the folding of the traps, so 
that the folding merely had the effect of confirming the directions 
of drainage channels already in existence. 


Ill—THE MACROSCOPIC CHARACTERS OF THE FLOWS. 

As already stated, there are four, and in parts five, lava flows 
of basaltic composition in the Linga area. These are:— 

(1) The basal flow 1, which is often doleritic, sometimes with 

olivine : 

(2) Flow 2, often doleritic and olivine-bearing, and separated 

in the southem parts of the area from the basal flow 
by a subsidiary flow 2A, which is mainly basaltic : 

(3) Flow 3, with occasional olivine: 

(4) The summit flow 4, which is of basaltic texture. 

All the flows, whether basaltic or doleritic in texture, are clearly 
lava sheets poured out under sub-aerial conditions, there being no 
evidence of intrusive sills, for each flow has a vesicular surface, 
whilst the base of a flow is often also vesicular. In places, outside 
the area described, the basal portion of a flow is often zeolitic as 
well, the usual zeolite being heulandite. In general aspect the flows 
are all very similar, except that the colour of the rock appears to 
become slightly lighter as the higher flows are reached. This 
arouses the suspicion, which cannot be either confiinicd or banished 
until the rocks have been analysed, that the percentage of silica 
increases slightly on passing from the lowest to the highest flow. 

The alteration of the basal portions of the flows into green- 
earth to a thickness of 2 to 10 feet is a common feature, but it is 
particularly characteristic of flow 2, the base of which (or of flow 2A) 
has been converted into green-earth throughout the Linga tract. 

That the Deccan Traps are rich in lime is indicated by the abun¬ 
dance of tufa found deposited in stream beds almost everywhere 
on this formation. Fig. 1 of Plate 7 shows a conglomerate of trap 
pebbles cemented by tufa. The formation of tufa however, is 
not always a case of simple deposition, but is sometimes effected 
at the expense of the lavas, patches and veinlets of tufa replacing 



9l 


Paet 2.] Fermor & Fox: Deccan Tray Flows of Linga. 

the basalts, especially the amygdaloidal fonns. Such a case is 
illustrated in Plate 7» %. 2. 

A brief account of the macroscopic characters of each flow 
will now be given. 

Flow 1 rests on the calcified and silicifiod surface (the so-called 
Flow 1 Lameta) of the underlying crystalline gneisses, and 

at its base consists of a bedded doleritic type, 
much decomposed. In adjoining tracts the, base is vesicular, the 
cavities being filled with calcite and heulandite (as near Dcogarh). 
At other points (near Tigai and Mujawar) the base has been con¬ 
verted into green-earth ; but fretjuently tlni basal trap is a por- 
phyritic basalt, showing, where fresh, numerous felspar phenocrysts 
in a black minutely crystalline ground mass. Where decomposed 
this rock is soft and laminated with a lightish grey colour, the fel¬ 
spar phenocrysts being represented by soft (jjannui white patches. 

Specimens taken from about the middle of the flow are distinctly 
doleritic, and sometimes coarst^-grained and oplntic in structure, 
the fresh rock, as when obtained from newly-smdv wells, having a 
dark grey colour ; but as usually obtained from ordinary exposures 
the rock shows a warm brown tint. 

Higher in the flow geodes of quartz and chalcedony become 
common, and the texture of the rock more open. 

NeaT- the surface the jock is finej-grained and very vesicular, 
with a considerable quantity of niaeroscopically visible interstitial 
glass, which is undoubtedly a piodiujt of the original consolidation 
of the rock; it also contains abundant shot-like spherules of a 
black ‘ glass ’ which, from tlic ease with which it undergoes 
decomposition, increases the vesicular appearance (»f the rock. 

This ‘ glass ’ is doubtless the same as the supposed chlom- 
phseite, so characteristic of flow 3 (sec page 94). 

Throughout the flow phenocrysts of felspar are common. They 
are usually a few milfiinetres, but sometimes as much as a centi¬ 
metre, long and tend to occur in aggregate stellate patches of the 
glomero-porphyritic type. 

In this area flows 1 and 2A furnish the best exposures of surface 
phenomena of a lava flow. Good exposures of the surface of flow 1 
are seen in the Kulbehra Kiver opposite Shikarpur, and in the 
Karak Nadi opposite Khunajhir Kalan. The surface is vesicular, 
with numerous irregular geodes of quartz, agate;, chalcedony, and 
onyx, and is traversed by numerous cooling cracks, which tend 
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to divide the lava into small polygonal portions a few inches across. 
In addition, the surface at Shikarpur is characterised by numerous 
circular hollows or crcUerlets, which are described in section VII 
of this paper. Another fine outcrop of the surface of flow 1 is 
seen in the Kulbehra at the point where it leaves the present map 
at its S.‘ E. comer. In addition to showing the usual surface 
phenomena this exposure is traversed by numerous veinlets of 
chalcedony, on either side of which the basalt has been discoloured 
and somewhat decomposed, presumably by water or vapour at the 
time of the filling of the veins. The contrast between the decom¬ 
posed and the unaltered trap has been accentuated by the 
differential erosion effected by the river. 

At the palm-tree exposure in the Baradoi Nala near Chikhli, 
the surface of flow 1 is found to be much coarser-grained than 
usual; in fact it is a doleritc similar to the typical dolcrites of 
this flow, except that it shows macroscopically visible patches of 
interstitial glass, and is slightly vesicular. Vesicular varieties of 
the dolerite are also seen in the exposure of flow 1 about 1 mile 
N. N. E. of Bisapur Kalan, and in the Baghora (or Ghogra) Nala 
near Paunari, whilst a non-vesicular variety of dolerite containing 
abundant patches of black glass is seen in the Kulbehra river at a 
point west by a little north of Bisapur Kalan. 

Flow 2A is well exposed in many places along a belt of coun¬ 
try extending in an E. S. E. direction from 
’ Buchnai and Bathranai to Bisapur Kalan. 

It is separated from flow 1 by a well-marked green-earth horizon, 
which is thicker than usual and very well exposed about a mile 
to the N. N. E. of Bisapur Kalan, and seems, as already stated, to 
represent the base of the flow in a state of decomposition. In 
many places the green-earth is underlain by a few feet of Inter- 
trappean chert, e.g., S. W. of Sarora, in the Palamau stream north 
of ^rora, and in the railway cutting west of Goreghat. Above 
the green-earth the flow is vesicular for a few feet and then 
passes through basalt into a rudely columnar doleritic basalt or 
fine-grained dolerite. This latter variety is well exposed as a small 
rock fall in a small nala about 1 mile E. N. E. of Lahgarua 
village, and in the right bank of the Kulbehra, just below the ford, 
where the track from Lahgarua to Bisapur Kalan crosses. The 
latter exposure shows the upward passage from basalt through 
doleiitio rock to the surfisce basalt, overlain by the small outlier 
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of flow 2 indicated on the map. The surface of the flow is well 
exposed along the foot of the scarps of flow 2 stretching from 
Lahgania to Bisapur Khurd, in the Baradoi Nala near Chikhli 
Kalan, on the south side of the Sarora Nala opposite Pathranai, 
and at the S. E. comer of Bhauranieta hill near Gadarwara. This 
surface is in all respects indistinguishable in physical chWcteris- 
tics from that of flow 1, except that craterlets have not been found. 

The uppermost portion of the surface has often suffered decom¬ 
position due to percolating waters, with the production of a soft, 
earthy, vesicular, laminated rock, indistinguishable from the de¬ 
composed basal portions of the overlying flow 2. 

Flow 2, where it rests on flow 1 without the intervention of 
Flow 2 invariably overlies a thin stratum 

of fossiliferous c.liert. It eoimnences as green- 
earth, which passes rapidly upwards into undecomposed, nodular, 
roughly columnar and flaggy doleritc (see Plates 8 and 9). This 
flaggy doleritc is quite characteristic of flow 2 in the northern 
parts of the Linga. area, and is the particular portion of the flow 
that always reveals olivine to the microscoju*. The flaggy character 
is produced by intersecting curved joints of the cup and saucer 
type (see Plate 9, lig. 2). In texture this (h)huite is very compact, of 
moderately fine grain, and without ojflntic or porphyritic structures. 

Above the flaggy zone, however, the doleritc is often exactly 
like that of flow 1, and passes up into open-textured doleritic basalt 
in which quartz geodes are abundant, many of the, crystals being 
slightly amethystine. The surface is very similar to that of flow 1. 

No flaggy dolerite has been observed s«)uth of Linga village, the 
upper vesicular horizon passing down into a doleritic basalt, which 

re,sts upon the additional flow 2A already d('scribed, instead of on 

flaggy dolerites. 

From an examination of specimens of flow 2 collected in upward 
succession from the base it apj>ears that where flaggy dolerite is 

found the flow cooled with sufficient slowness, perhaps because of 

greater thickness than eksewhere, to jjermit a small degree of differ¬ 
entiation in the lava, heavy porphyritic crystals of olivine sinking 
slowly in the magma and effecting a relative concentration of olivine 
in the flaggy basal portion.^ 

»C/. R. A. Daly. Joum.. Getd., XVI, p. 401-420. and tlic yiwo dowTi^-d by 

J. P. Iddings, of a Binkiiig of augit.«' plniioc;rysts in a IHi-foot intniHivt! Hhcc't of HlioHlumitio 
oompoBltion on Electric Peak^ Yellowstone Park ; Monograph 3-, pi. U. o. Ueti), 
Surr. p. 82» (1899). 
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How 3. 


Amygdales 
cblorophsite (?). 


Flow 3 is sometimes separated by a fossiliferous chert horizon 
from flow 2, and sometimes rests directly there¬ 
on, the base of flow 3 being either decomposed 
basalt or green-earth passing rapidly upwards into a fine-grained 
dark grey basalt. This rock is often beautifully columnar, as is 
well seen in the railway quarries about a mile N. and N. N. E. of 
Linga, close to the Kulbehra river. 

The upper portions of flow 3 are geode-bearing and vesicular ; 
whilst the surface of this flow exposed just to the north of Bandar- 
jhiri Hill is the most vesicular of the surfaces that have been ob¬ 
served in the course of our mapping. 

In places this basalt contains abundant shot-like spherules of 
glassy aspect averaging from ^ to I inch in 
diameter. On freshly fractured surfaces of the 
rock, this ‘ glass ’ is pale golden in colour, but 
it speedily changes colour through darker shades of green to black, 
and finally to ruby-red, and eventually it may suffer decomposition 
into a limonitic powder. Many of these spherules when decom¬ 
posed show a concentric shell-like structure. 

Similar colour changes were first noticed by one of us (ITermor) 
as long ago as 1903 in basalts being quarried near Nagpur town for 
road-metal.^ In this case the ‘ glass ’ often occurred as botryoidal 
linings to cavities containing water, but sometimes also as shot¬ 
like spherules. The colour was then,noted as changing from golden 
yellow to black (as viewed luacroscopically) on both forms in the 
course of a quarter of an hour. Subsequently similar shot-like 
spherules were noticed in basalt quarried in the Gor river for the 
Bengal Nagpur Railway bridge across the Narbada south of 
Jabalpur ; these spherules were seen to show the same colour 
change. 

The succession of colour changes noticed in the present paper 
were observed particularly by one of us (Fox), who, using material 
collected outside the area under description, namely from a point 
1 or 2 miles north of Changoba near the Betul border, attempted 


' It wa.s prdbably to this same mineral (but from different quarries) that Hislup 
referred as long ago as 18(50 in the following words :— 

‘ The doleritic lava, which is quarried from Sit^baldi Hill-is in some jdaces marked 

with belts, that may l>e traced continuously for many yards, consisting of cavities 
“ lined with obsidian iu a thin glared pellic e, occasionally tilled up with tabular 
crystals of calc-spar.” ’ See Q. J. G. S., XVI, p. 160, 
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to aBcertRUi whether the colour change was due to exposure to light 
or to exposure to the atmosphere. It was found that when the pale 
gold * glass * was exposed on a fresh fracture in a hand-specimen, 
the darkening effect began to appear at once, the black stage being 
reached in a couple of hours. To test the part played by.light in 
this change, some specimens broken open in the shade were quickly 
wrapped in red paper and kept overnight. On removing the 
wrappers next morning the spherules were found to have become 
quite black and to show a ruby tint on translucent fractured corners. 
From this it was deduced that the colour change is not due to 
exposure to light, but to contact with the atmosphere, leading 
perhaps to a change of state of oxidation or hydration of the 
‘ glass.’ That this is probably not the true explanation is, how¬ 
ever, indicated by Heddle’s experiments on the chlorophaeitc of 
Scotland noticed on page 96. The ruby-coknired form is (juite 
common on exposed surfaces and blocks of basalt belonging to this 
flow, but the green and gold types have never been observed ex¬ 
cept on freshly-fractured surfaces. 

Compared with the open-textured and ali,ered surface basalts, in 
which geodes of quartz and chalcedony are commonly found, the 
spherule-bearing rock is cx'ccedingly conqiact and fresh ; one is con¬ 
sequently tempted to regard these spheniles as original constituents 
of the lava ; but judging from the probable similarity of this ‘ glass ’ 
to the chlorophfieite of Rum, to be noticed immediately, and the 
hydrous nature of the latter, these spherules are probably of a secon¬ 
dary zeolitic character, analogous in origin to the jialagonitic glass 
described by Jlr. C. S. Middlemiss.^ dudgnient on this riuestion 
must be reserved until we describe the microscopic and chemical 
character of these lavas. 

Meanwhile it may be suggested that this substance is either 
identical with or very similar to chlorophaiite, a mineral first des¬ 
cribed and named in 1819 by Macculloch, from material obtained 
from Sgurr Mor (or Creag nan Stairdean) in Rum.^ Later the 
mineral was analysed by Heddle,® whilst quite recently its oc¬ 
currence in the islands of Rum and Canna has been described by 


1 

I 

» 


Bee. Q. S. XXU. pp. 22fi-234. (1889). ^ 

‘ Description of the Western Islands of Scotland V ol. 1, pp. o04-o00. 
Trans. Roy. 8oc. EdinJIi., XXIX, pp. 86-88, (1880). 
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Harker.^ The colour change was noticed by Macculloch and 
carefully described by Heddle, who writes :— 

‘ From “ the transparent yellow-green of the finest olivine ” sometimes in the 
space of ten minutes it passes to a dark green-black ; and in other specimens from 
the fine orange-brown of cinnamonstone to the rich brown and brilliant jetty-lustre 
of asphalte.* 

Writing of a piece of this mineral showing, when first broken, 
* layers of successive deposition, some very light, some dark green,’ 
Heddle says :— 

* During ten minutes’ exposure to sunlight this specimen, which at first was 
rather dull, had assumed a lustre like that of obsidian ; it had become in some 
of the layers dark green, in others black, and it had rent through the whole thickness 
of its layers into rude hexagonal prisms' 

Heddle also made a few simple experiments to determine the 
cause of this remarkable colour change :— 

‘ By instantly after fracture wrapping up the one-half of an olive s^iccimen 
tightly in repeated folds of paper, and keeping it as far as possible from exposure 
to air, heat, and light, 1 managed to retain the colour for about three weeks, only 
to see it lose it in about half an hour when finally exposed. The other half became 
perfectly black after less than an hour’s exposure.’ 

Further:— 

‘ Specimens securely bottled up immediately upon extraction from the rock 
gave on analysis very little more of ferrous oxide than those which hod been freely 
exposed; the change of colour therefore is not due to peroxidation of the ferrous 
oxide, but must bo duo to molecular change ; and Brewstbb stated that he 
has optically determined that it is duo to the mineral splitting up into a multitude 
of minute hexagonal prisms.’ 

The result of the former experiment disagrees with that of the 
experiment on the Indian specimen ; this may be dj^e to no parti¬ 
cular care having been taken in our case to eliminate the action of 
the marked diunial range of temperatures characterising the Central 
Provinces during the dry season, when the experiment was made. 

According to Harker ® :— 

‘ In a thin slice it gives a strong yellowish-brown colour, and has no sensible 
birefringence in the larger patches, but this seems to be explained by a very fi n e 
granular structure.* 

According to the foregoing accounts the properties, both micros¬ 
copic and macroscopic, of chloropheeitc agree so closely with those 

* ‘ (Iwiiogy of the Small Isles of Iiivemess-shir(\’ Mem. Oeol. Surv. Scotland, Expln. 
to Sheet 6U, pp. 132, 133, and also 50, (19U8). 

* * Rcfemire lost.’ 

* Xoc. cif., p. 133. 
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of our Indian ' glass ’ spherules, that it seems highly probable that 
further work will prove their identity. It will be of interest, there¬ 
fore, to reproduce here Heddle’s analyses of the original chloro- 
phseite of Bum, of chlorophseite from the Giant’s Causeway, and of 
the chocolate-brown decomposition product from Bum paralleling 
the Indian decomposition product :— 
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.. 


From this analysis it will be seen that chlorophaeitc is mainly a 
hydrous silicate of ferric iron with a considerable quantity of magne- 


* Macculloch’g dotermination. The'totals of the firnt two coliiinna are givoD 
erroneously by Heddje, 
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sia. This composition does not conform to any simple formula, 
although it approximates very roughly to 2RO. SH^O. Fe^Og-iSiOi 
4 - 7 H 2 O. Until, however, analyses have been made both of further 
specimens from the Western Isles of Scotland, and of apparently 
similar material from other parts of the world, such as the Chhind> 
wara area, it will not be known if chlorophseite is a definite mineral, 
with a definite chemical composition, or whether, as perhaps seems 
more likely in view both of its microscopic aspect and of its chemical 
composition, it is really an indefinite mixture of silicates of the nature 
of a hydrous glass. 

In either case, in view of its hydrous composition, it seems likely 
that it is not a primary substance crystallise directly from the 
magma, but that it has filled in vesicular cavities in the lava, and is, 
therefore, secondary, relative to the lava. In view of the occur¬ 
rence of this chlorophajite as a botryoidal lining to cavities filled 
with water in the basalts of Nagpur (already noted on page 94) it 
seems probable that chlorophseite has been deposited from water, in 
the same way as chalcedony and quartz. 

One more point must be noticed before we leave the question 
of chlorophseite. Judging from the absence of any reference to the 
occurrence of chlorophseite in Skye in Dr. Barker’s memoir on the 
Tertiary igneous rocks of that island, and its very local occurrence 
in Rum, this mineral is evidently a much less common mineral in 
the Western Isles of Scotland than it is in the lavas of Deccan Trap 
age in India. Now the material from the original locality in Rum 
occurs in s, rock, which, although at first sight similar to basalt or 
dolerite in hand-specimens, has on chemical and mineralogical grounds 
been separated by Dr. Barker from that rock under the name of 
mugeariie, the original locality being in Skye.^ Dr. Barker also 
notes the occurrence of this mineral in mugearite at Eilean ’a Bhaird 
in the Isle of Canna, and, referring to an occurrence of chlorophseite 
noted by Beddle m another part of this island, he uses the words:— 

* suggests an ouuurrenco of mugearite not detected in the course of our survey, 
though it is possible that the chlorophaeite occurs also in the amygdaloidal basalts,' 

This association of chlorophseite with mugearite rather than 
dolerite may be fortuitous, but it makes it desirable for us in India 
to be on ^e alert for the occurrence of mugearite amongst the 
Deccan Trap flows. Chemically mugearite differs from dolerite by 

^ ‘ Tertiary Igneous Rooks of Skye,' pp. 264-2Q6, (1904). “ 
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possessing a slightly higher proportion of silica, a higher percentage 
of alkalies, and rather low lime and magnesia. This is expressed 
mineralogically by the dominant constituent being a felspar^which 
is oligoclase with some orthoclase, instead of labradorite—whilst 
augite is only sparingly present ; on the other hand magnetite 
and apatite are unusually abundant, whilst olivine or a mica-like 
mineral may be present. A re-examination of our slides of flow 3 
has however shown that this flow has the normal composition of a 
basalt or dolerite, so that in India chlorophseite, if we are correct in 
our identification, occurs in rock of normal basaltic or doleritio 
composition, instead of being characteristic of a rock of special 
composition.^ 

Besting on flow 3 on Bandarjhiri Hill are two outliers of flow 4, 
Flow 4 separated from flow 3 by a well-defined fos- 

siliferous band of Intertrappeans. The basalt 
of this flow is almost exactly like that of flow 3, but the ‘ glass * 
inclusions take the form, on fresh fractures, of green specks. Small 
phenocrysts of felspar are fairly common. Olivine has not been 
detected with any certainty in either this flow or flow 3. The surface 
of flow 4 on Bandarjhiri Hill has been removed by denudation, and 
consequently its characters cannot be given. 

The aspect, both macroscopic and microscopic, of a specimen 
taken from any of the flows of the Linga area 
characfera ***^**®*^®" depends largely on the vertical position in the 

flow from which it has been obtained. 
Speaking generally the tendency is for each flow, if thick enough, to 
display the following succession of characters, although the tendency 
has not materialised in the case of flows 3 and 4, and only in a general 
way in the case of the remaining flows, there being always certain 
departures from the ideal standard succession ;— 

Base. —1. Fine-grained basalt with abundant phenocrysts of 
felsp&r, sometimes vesicular and zeolitic, but frequently 
altered more or less completely to green-earth. 

2. Texture gradates to that of a true dolerite with the pre¬ 
sence of olivine. 


* Through the kindness of Dr. Harker I have Ixton able to examine in the Sodgwivt 
Museum, Cambridge, both hand-specimons and thin alices of mugearites from Skye and 
Rum, of chloropbseite from Rum, and of the typical basalts and dolerites of the Western 
Isles. The chlorophmite spots scattered through one specimen of mugearito looked 
exactly like our Indian mineral.—L. L. J". 


o2 
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3. Texture as viewed microscopically changes from granulitic or 
intersertal to ophitic. 

Middle. —4. Passage from compact ophitic dolerite to rough- 
looking granular dolerite. 

5. Open-textured doleritic basalt with large cavities lined 

with chalcedony, with quartz crystals terminating in 
the drusy cavities of the geodes. 

6. Roughly columnar basalt, with pipe-like vesicles, some of 

which are filled with quartz and calcite, and are sur¬ 
rounded by fine-grained basalt containing much in¬ 
terstitial glass^ 

Surface.—1. Vesicular basalt with araygdales of quartz, chal¬ 
cedony, banded onyx, and calcite with surface cracks 
and furrows. 

We may close this section with a brief reference to the nomen¬ 
clature of these rocks. The comparative 

Nomenc ttarc. rarity of olivine suggests andesitic affinities, 

and McMahon in describing the basalts of Bombay Island ^ was 
tempted to introduce the term augite-andesite, but refrained from so 
doing in view of the complete absence of hornblende ; and in consi¬ 
deration of this feature, and the great abundance of magnetite and 
augite, it is desirable to retain the terms basalt and dolerite, rather 
than to substitute the term augite-andesite. It would, indeed, be 
difficult to find more typical basalts, as distinct from olivine-basalts, 
than these Indian ones. 

In applying the terms basalt and dolerite we have attempted to 
be guided by the rule that the term dolerite should be applied to 
th-pse varieties in which the separate crystal individuals can be dis¬ 
tinguished, though not necessarily identified, with the unaided eye. 
I’j all the more finely crystalline forms we have applied the term 
basalt. Thus, although it is not possible to distingukh with the 
unaided sye the separate constituents of any of the rocks classed 
as basalt in accordance with this criterion, yet many of them have a 
finely cr 3 rstalline aspect. Were a separate designation required for 
these crystalline basalts the term anamesite might be used ; but 
this course seems undesirable, for even the most compact and fine¬ 
grained of basalts with the exception, of course, of the glassy form 


Bee. Oed. 8urv. l>nd., XVI, p. 42, (1883). 
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tachylyte shows some signs of crystallinity in hand-specimens. A 
recent examination by one of us (Fermor) of the specimens of basic 
lavas of the Western Isles of Scotland arranged by Dr. Harker in 
the Sedgwick Museum, Cambridge, shows that this author tends to 
extend the term dolerite to rocks with a finer degree of grain than 
with us, so that some of our coarser grained basalts, particularly 
those that we designate doleritic basalts, would be termed dolerites 
by Dr. Barker. ^ 


IV. THE INTERTRAPPEAN HORIZONS. 

It was the existence of marked zones of Intcrtraj)})ean chert between 
the succe^ive lava flows, together with the green-earth bands so 
often characterising the bases of the flows, that alone rendered 
possible a definite separation of the flows one from another and 
their representation on the map. A short account of these horizons 
would, therefore, bo necessary, even if fiot warranted by their 
intrinsic interest. 

These Intertrappean strata are never more than a few feet, and 
frequently but a few inches {3 to 9), tliick. They vary in character 
from brown chert and dark siliceous rock to soft, calcareous, 
lavender-coloured shale, the siliceous forms being the products of 
secondary silicification of the original sediments, whilst the calcar¬ 
eous shale is probably a comparatively unaltereil sediment. It is 
extremely probable that much of the original sediment was fossili- 
ferous limestone, but in many places the lntertraj)pean strata have 
been so altered (silicified) that, possibly, no poilion of the original 
sediment is now left ; abundant evidence of the original character 
of the rock is however, forthcoming, in the form of fossil shells, the 
fossil-bearing rock varying from chert full of Physa Primepii 
Sowerby to a calcareous rock composed almost entirely of lAmnoia 
and Paludina. In many cases where fossils are apparently absent, a 
careful search leads to the discovery of minute shells of Cypns. 

No one set of fossils Jis characteristic of any particular Inter¬ 
trappean horizon, the fossils varying in the same band as much as 
the bAnd varies in lithological character. Physa Pritisepii (var. 

* Unless the fact that the dolerites descrilHid in this pajter are ext™Kiv«s lavas and 
not intrusive sills would load Dr. Harker to apply the term batuvlt to the whole of the 
Linga series irrespective of texture. 
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normaUs Hislop and vat. dongata Hislop) is the commoner fossil, 
followed by PcdSudina {Sankeyi Hislop and taUiensis Hislop), with, 
more laiely, Lmncea subulata Soweiby and Cypris.^ 

The fossils are sometimes entirely calcareous, but are often 
completely replaced by glass-clear silica, which, under the micros¬ 
cope, is usually cryptocrystalline. 

In the northern parts of the area mapped fossils are rather less 
common than in the south; they are most abundant in the lati¬ 
tude of Linga, where they are found in each of the Intertrappean 
horizons 1/2, 2/3, and 3/4. The best developed horizon is th^t 
between flows 2 and 3, this band of Intertrappeans being highly 
fossiliferous along a belt of country stretching from Bandarjhiri 
Hill in the west, through Bhaurameta HUl, to Paunari in the 
east. In Bhaurameta Hill, where this horizon is particularly well 
developed, Physa Prinsepii is the most abundant fossil, but towards 
the north there is a marked change in fossil contents, Palvdina 
becoming the characteristic form ; still further north there is a 
complete absence of fossils. Southward the horizon still contains 
Physa in the neighbourhood of Anjunia,^ but the whole facies has 
become exceedingly calcareous. 

Though fossils are not infrequently found in the Intertrappean 
horizon between flows 1 and 2, yet they are comparatively rare. 
The important feature of this horizon is rather the alteration of the 
base of flow 2: for, throughout the whole area of the map, the 
base of this flow, wherever it rests on flow 1, has been converted 
into green-earih to a thickness of from 2 to 12 feet. In the southern 
tracts, where it has been found necessary to divide the lava between 
flows 1 and 3 into two separate flows, namely 2 and 2A, the latter 
being the lower flow, the green-earth horizon characterises the base 
of flow 2A. At the junction between flows 2 and 2A green sili¬ 
ceous rock and jasper frequently occur as lenticular veins and 
tongues, whilst occasionally there is zeolitic matter in the soft 
and decomposed vesicular base of flow 2 ; but no true Intertrappean 
chert representing original sedimentary beds exists at this horizon. 

The Intertrappean horizon between flows 3 and 4 is very similar 
in every way to that between flows 2 and 3, its characteristic fossil 
being Physa Prinsepii Sowerby. 

* Q. J. 0. S., XVI, Plates V, IX, X, (1660). These ^torminatioxiB must be 
Xflgarded as provisional. 

* South m the area shown in Plate 10. 
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* * 

V, THE FOLDING OF THE LAVA FLOWS, 

Perhaps the most striking feature of the Deccan Trap formation 

horizonteiitv “ horizontality of the lava flows of 

^ « composed. This has been com- 

mented on by numerous observers in the past, 
and can ^sily be verified nowadays by anyone who looks out of the 
train during what must always remain to the geologist one of the 
most remarkable railway journeys in the world, namely that from 
Bombay to Nagpur, a distance of 520 miles, entirely over Deccan 
Trap lavas, covered in places, of course, by alluvium and soil. 

But although the phrase horizontality of the trajis so frequently 
met with in Indian geological literature expresses well the general 
aspect of this remarkable formation, yet in certain regions there are 
marked departures from horizontality, as was recognised and des¬ 
cribed by W. T. Blanford and others more than 40 years ago. The 
knowledge on this subject was summarised by W. T. Blanford in 
the following words — 


‘ A remarkable horizontality persists throughout the greater part of the trap 
area, the most important exception being in the Rajpipla hills, and the ranges 
immediately north of the Narbada, in parts of the Sutpijra hills north of Khandesh, 
and along the coast from Bombay to Dam&n. In those exceptional areas the dips 
are clearly due to disturbance subsequenb in date tc the consolidation of the rooks, 
for sedimentary beds, which must originally have boon horizontal, have shared 
in the movement. It is thus clear that throughout the area the traps must have 
originally been nearly level.’ 

In addition to the marked dips referred to by Blanford, which, 
where they occur, often affect the disposition of the lavas over a 
considerable area, there may be detected in places very gentle 
dips, also existing over considerable distances. As bearing on this 
question we may, with advantage, quote the following lines from the 
second edition of the Manual of the Geology of India, 1893, page 
261:— 


* The only departure from absolute horizontality to be soon in the lava flows 
of the Deccan is frequently no more than may be duo to tho lenticular form of the 
beds, but usually there is a very low dip discernible, seldom exceeding 1° and fairly 
constant over largo areas. This circumstance tends to show that even _ this small 
amount of inclination may be due to disturbance, because if the dips represented 
the original angle at which the lava flows were consolidated, they would be found 
to radiate from the original volcanic vents. Nothing of tho kind has, however, 
been traced.’ 


^ Bee. Oed. 8urv. Ind., V, p. 90, (1872). 
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Finally, in areas in which the lavas appear to be perfeody hori- 
jsontal or to have only the slight dips referred to in the last para¬ 
graph, careful examination may lead to the discovery of sharp dips 
of but local extension. It is a case of this sort that we have dis¬ 
covered in the Linga tract. These local dips are not so unimportant 
as they might seem at first sight, for they are arranged along a series 
of anticlinal and synclinal axes, thus showing that a series of lavas 
of general horizontal appearance may carry the impress, in the form 
of a series of gentle folds, of the application of tectonic pressures on a 
regional scale,^ In the same way a series of horizontal lavas majjr 
really be traversed by faults, which owing to the similar nature of 
the rocks on either side of the fault escape detection, except as the 
result of very careful work. Some faults of this character are 
considered in section VI of this paper. 

Before entering upon our account of the Linga folding it is desir- 

Prevloui record! of ^ ^ selection of the previous 

diiturbencei In the records of departure from horizontality in the 
Deccan Trap. Deccan Trap lavas. 

In his paper * On the Trap and Intertrappean Beds of Western 
and Central India,* published in 1867,^ Dr. W. T. Blanford gives 
one of the best accounts yet published of the general disposition and 
age of the Deccan Trap lavas and associated Intertrappean beds. On 
page 161 (1. c.) there is a figure of a striking section showing the hori¬ 
zontal character of the traps of the Western Ghats as far west as 
Panwel, followed by a steady dip at from 5® to 10° to the west over 
a distance of 10 to 12 miles, this dip persisting from Panwel to the 
sea at the islands of Bombay and Salsette. In another more detailed 
Memoir entitled ‘ On the Geology of the Taptee and Lower Nerbudda 
valleys and some adjoining districts,’^ Blanford describes at some 
length the geology of a large tract of country, much of which is 
occupied by the Deccan Trap formation. Although as a general 
rule the traps rest in perfect horizontality over a considerable 
portion of this country, yet in many parts dips, ranging from 2° to 
26° were measured. Thus (p. 220) :— 

* Along the lino of the Taptee south-west of Baitool there is marked southerly 
dip, though at a low angle, and although th^beds are horizontal throughout a large 
p<^ion of the Gawilgurh hiUs, there is a dip of about 6° to 10° to the north along 

^ Memoirs, Oeol. Swv. Ind., VI, pp. 137-102. 

* Mem. 0^. iSterv. Ind., VI, (1S69). Cktnsult, for accounts of dips and faults in the 
tmps, pp. 219-221, 224, 206 (figure). 271, 279 (fault), 2S0 (fig.), 281,282 (fig.), 283, 288, 
289,307,310 (fault); 313 (fig.), 325*6 (fig. and fault), 345,363,371 (fault), and other pages. 
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their sadfthem soarp aooompanied, apparently, by a great fault at their baae 
parallel to the range. Passing to the westward, low dips in various diiections ate 
seen amongst the traps of the Satpoora hills. These increase in amounts here and 
there. Some very sharp dips of 10“ and oven more to the southward are seen in 

the Nerbttdda and just north of the river west of the Hurin Pal;.udiieh 

continues for many miles to the westward . The amount of dlsVurbanoe 

which the traps have undergone appeara to culminate in the Rajpoepla hills. Not 
only do the beds in this region dip at angles comparatively high (6“ to 20“) when 
their horizontality over immense tracts in the Deccan and Malwa is considered, 
but dykes are extremely prevalent, and of groat size.’ 

When all the dips mentioned by Blanford in his memoir are 
plotted on a map it is found that by far the larger ntfmber of them 
are directed either to the south or to the north, arranging themselves 
along lines running east and west, so as to indicate a regional com¬ 
pression of the whole of this immense tract of country in posttrap- 
pean times by pressures directed from the north and south. Most 
of the faults mentioned by Blanford have also an east-west alignment. 

A. B. W 3 Tane in 1872 ^ mentions a general southerly dip of 2° to 
5° in the flows of Kachh, with an anticlinal fold in the Chitrana hills 
in this area, as well as faulting at some localities. The dip of the 
Kachh lavas had already been noticed by Blanford.^ In a later 
memoir on the geology of the Nagpur district, Blanford mentions a 
case at Kelod of faulting of Kamthi rocks against Intertrappeans.^ 
Proceeding further south we find that R. Bruce Foote, in his account 
of the geology of the Southern Mahratta country * mentions a very 
slight north-easterly dip in the trap flows of the Western Ghats of 
that region, the dip being too slight for measurenierit with a clino¬ 
meter ; it was calculated, from the difl'ereuce in elevation of some of 
the principal trigonometrical stations capped by outliers of one and 
the same bed, as ranging from 9 to 23 feet per mile, with an average 
of 16 feet per mile. 

In more recent years we have our colleague Mr. E. Vredenburg’s 
paper on Pleistocene movements in the Indian Peninsula,^ in which, 
from a consideration of the variations in gradient of the Narbada, 
Puma, and Godaveri rivers, it is deduced that the Peninsula has 
been warped about a very gentle anticlinal axis of N. N. £. to 
S. S* W. strike, running across^ this Trap area of Western India. 

» Mem. Geol. Surv. Jnd., IX, pp. 60,187, 262, and map Plato VL 

• Mem. Oedl. Surv. Jiid., VI, p. 30, (1867). 

• Mem. Qeol. Surv. Ind., IX, pp. 21-22, (1872). 

• Mem. Qeol. Surv. Ind., XII, p. 173, (1876). 

• Bee. Oed. Surv. Ind., XXXIII, pp. 33-46, (1906). 
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the Rev. S. Hislop, in his paper * On the Tertiary 
Deposits, associated with Trap-rock, in the East Indies’,^ explicitly 
mentions ' an anticlinal axis on a small scale ’ near Telankhedi in the 
Nagpur district, a dip of SO** to the west being mentioned. He does 
not, however, explain the anticline as due to tectonic causes, but 
adduces his observations to prove the intrusive laccolitic or sill-like 
character of a sheet of basalt with reference to an overlying Inter- 
trappean band and lava flow. Blanford has long since refuted the 
suggestion of the intrusive origin of this sheet of basalt, which is 
one of the or^ary succession of flows ; and there seems little doubt 
that Hislop’s anticline must be of tectonic origin, supposing it really 
exist, for Blanford omits all reference to it in his memoir on the 
geology of the Nagpur district already cited. In this connection 
it is interesting to note that Hislop’s anticline runs north and south, 
i.c., roughly at right angles to the direction of the folding detected 
by us in the Linga area, which lies almost due north of Nagpur, 
but roughly parallel to Mr.Vredenburg’s warp-axes. 

The result of our work in the Linga area has been to show that 
in an apparently typical area of general hori- 
•rw*****"* ** **** zontality there are numerous dips, which, when 

interpreted, reveal the presence of a system of 
folding due apparently to tectonic causes. From this we deduce 
that probably many other areas of apparently horizontal lavas when 
closely studied will yield information of value in tracing the tectonic 
history of the Indian Peninsula. Consequently it is of considerable 
importance to give a moderately detailed account of the system of 
folding detected in the Linga area, and to draw from it such con¬ 
clusions as seem to follow. 

In studpng this area we soon found that the only sure way of 
mapping the separate flows was to follow carefully the Intertrappean 
bands ; this led to the unexpected discovery of numerous examples of 
marked dips ranging up to 10° and 15° and, very rarely, up to 45° 
and 90°, in Intertrappean rocks of undoubted sedimentary origin, 
as testified by the frequent presence of the fossils already noticed in 
the previous section. Along a north-south section of the country 
these dips were found to be directed alternately to north and to 
south, but to maintain their direction (to the north or the south) 
when traced in an E-W direction. Whilst, how.ever, the more 


' Q. J. Q. S., XVl, p. 166, (I860). 
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mftiked dips were directly observed, others, of a much gentler 
nature, were detected from barometric readings carried out originally 
with the idea of tracing the adjustment of the flows to the pre-Trap- 
pean topography. The various dips are shown on the accompany* 
ing map (Plate 16), those directly observed being indicated by a 
simple dip arrow, whilst those deduced barometrically are distin¬ 
guished by the letter B. 


Anticlines 

synclines. 


Although the assembled data suggest a regular series of gentle 
folds, yet in the field there was at fost ample room for doubt as to 
the interpretation of some of these dips, particularly of those deduced 
barometrically, which were at first attributed to the adjustment of 
the flows to the contours of the underlying pre-Trappean surface. 
But although, possibly, this factor plays some part (see page 88), 
yet we now agree that by far the greater number of dips observed 
is really due to a system of folding. 

The general existence of synclines and anticlines can be 
easily deduced from the distribution of the lava 
flows as shown on the map compared with 
the courses of the rivers, the alternation first 
of flows 2 and 1, and then of flows 2A and 1, along the course 
of the Kulbehra, being the most noticeable feature. The exact 
placing of the axes of the folds is, however, more difficult; but 
we have, we believe, attained a certain measure of success. 

The axis of the first syncline is at about the latitude of Imlikhera, 
the dolerites of flow 2 here occupying the bed of the Kulbehra; the 
basal green-earth of this flow can readily be traced downward into 
this synclinal trough both from the north and from the south. 
The first anticline, that of Shikarpur, is exceedingly gentle, con¬ 
trasting thus with the comparatively sharp syncline of Imlikhera 
to the north and of Dewardha to the south. 


The Dewardha, or second, syncline agrees roughly in position and 
direction with the easterly reach of the Kulbehra river just north of 
Dewardha. Exposures of the columnar basalt of flow 3 in the 
railway quarries close to the river, just before it takes this easterly 
bend, show variations in the hade of the columns concordant with^ 
the presence of a syncline at this point, but it cannot be regarded as 
certain that this arrangement of the columns is not an original 
cooling effect. The Intertrappean beds on the southern side of this 
syneline dip Steeply to the north,’ as is well seen in exposures on 
eithra side of the Nagpur road close to milestone 6 from Chhindwara. 
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These high dips are doubtless related to the strike fault described on 
page 118. Linga village stands approximately on the axis of the 
second anticline, the continuance of which to the W. N. W. is indicated 
by several inliers of flow 1 nKSar Bargona. 

Jaitpur is situated on the northern limb of the third syncline, a 
well-marked dip of 12° being seen in the Eulbehra immediately 
south of the village. Goreghat is situated practically on the axis of 
this syncline, which is followed by an< upward rise towards Sarora 
village. The next or third anticlinal axis passes along the Sarora 
ridge, and from here the lava sheets dip southward. 

A line trending W. N. W. to E. S. E. through the village of 
Chikhli marks the position of the axis of the fourth, or Chikhli, 
syncline. A very fine exposure showing a marked northerly dip 
(15°-40°) is seen in the north bank of the Baradoi Nala by the 
palm-tree (shown on the map) south-west of Chikhli. Northerly 
dips are maintained up the Baradoi Nala to the west. The 
Intertrappean band between flows 2 and 3 on Lahgarua Hill is 
at a higher level than the same horizon in the hill to the north, 
near the northern edge of which it seems that the axis of the 
Chikhli S 3 nicline continues to the east. Lahgarua village itself 
apparently stands on the next anticlinal axis, and from a general 
examination of the country still further south it seems that other 
synclines and anticlines continue to occur. 

The average distance between these folds is about 2 miles from 
anticline to anticline; but a study of the dips recorded on the 
map suggests that there may be some subsidiary folds in|;ercalated 
between the foregoing principal folds. Thus there are indications 
of an additional syncline and anticline between the linga anticline 
and the Goreghat feline; of an additional syncline and anti¬ 
cline between the Sarora anticline and the Chikhli syncline; and 
of an additional anticline and syncline between the Chikhli syn¬ 
cline and the Lahgarua anticline. These subsidiary folds all 
possess, of course, the customary E. by S. strike; but the series 
of inliers of flow 1 between Bargona and Palamau may indicate 
either the presence of two small synclinal puckers of N. E. and 
N. N. E. sti^e respectively, or be due to irregularities in the under¬ 
lying pre-trappean surface. 

Discussing now the principal folds, we find that although the 
„ ^ . folds persist for considerable distances in the 

directions of their axes, yet these ax^ show 
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distinct signs of curyatnic, whilst the folds themselves are exceed* 
ingly gentle. Thus, in the case of the Linga anticline, the height 
of the base of flow 2 under Linga village is not much more than 
200 feet above the same horizon im the trough south of Jaitpur. 
The synclinal portions of the folds are apparently more pronounced 
and more compressed than the anticlinal portions, whilst the 
northerly dips generally appear to be steeper than those to the 
south. The apparent paradox of such steep dips as 12° to 40° re¬ 
corded above, and the exceedingly shallow character of the folds 
indicates that the central portions of the limbs of these folds must 
often show a sudden increase of dip followed by as sudden a decrease. 
So that in place of a perfectly graded series of anticlines and synclines 
there tends to be a series of short steep monoclinal segments of alter¬ 
nately northerly and southerly dip connecting long, nearly horizontal, 
segments w'hich are alternately raised and depressed. The monoclinal 
tendency has apparently been accentuated by the small strike 
faults noticed in the next section of this paper. 

In addition to the marked dips observed at various points, due 

to the gentle folding of the traps just describ- 

an extremely gentle dip to the S. E. This 
is deduced from barometric readings for the base of any given 
flow taken along various lines of section across the area mapped. 
Thus the following set of figures shows a decrease in the eleva¬ 
tion of the base of flow 3 amounting to 220 feet in the course of 
about 8 miles from north to south:— 


Fcict. 

A point S. E. of Khunajhir Khurd .... 2,290 

Bhaurameta HiU.2,240 

Lahgarna Hill.2,190 

Umra Nala . ..2,070 


Whilst the following set of readings taken in an east by slightly 
south direction from the same point near Khunajhir Khurd shows 
a decrease in average elevation of the same horizon of 160 feet in 
about 6 miles :— * 

S. E. of Khunajhir Khurd 
Outlier W. of da 
N. scarp S. S. E. of Tiura Kamtha 
S. scarp due S. of do. 


Foet. 
. 2,290 
. 2,250 
. 2,280 
, 2,230 
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Outlier N. dt Baz^gona .... 

W. point S. of Khunajhir Kalan 
N. scarp K. N. W. of Linga (on Nagpnr road) 
S. scarp do. da do. 

Bengal Nagpur Railway cutting . 

Scarp N. of Paunari .... 

Outlier N. E. of Paunaii .... 


Feet. 

2,225 

2,185 

2,135 

2,110 

2,065 

2,085 

2,130 


The rise shown by the last two readings is interpreted as an indi- 
cation of the existence of a north-south trend- 
A pre-rappean v y. flows, due probably to a 

pre-trappean valley (page 88). The dip of 220 feet in 8 miles 
from north to south, and of 160 feet in 6 miles from W. by N. to 
E. by S. corresponds to a slope of 36 feet per mile to the S. E. 

At this point it is necessary to refer to a series of observations of 
the inclination shown by the layers of chalce- 
Incllnatloii of onyx flony in geodic onyx. Many of the geodes 

* * occurring in the upper portions of the flows 

are of composite character, consisting below of onyx built up of 
parallel bands of chalcedony doubtless deposited from solution in 
the horizontal position, with the upper portion of the geode filled 
with crystalline quartz, deposited after the onyx. On weathered 
surfaces of the flows the quartz has often been removed so as to leave 
a plane and apparently horizontal surface of onyx, on which 
it is possible to rest an Abney’s level and measure the angle 
of dip. The following series of observations was taken on onyx 
geodes in the surface of flow 2A in the Baradoi Nala close to the 
palm-tree exposure S. W. of Chikhli, at which point the In- 
tertrappeans between flows 2A and 1 are dipping north at angles of 
from 10° to 15° : 


No. of observation. 


Amount of dip to 
N. N. E. 


Amount of dip to 
E. S. E. 
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From these %areB it will be seen that although the dip of the 
Intertiappean layer in this locality is to the north, yet the geodes 
indicate a slight yet distinct dip to the E. S. E. 

The structural features of the basaltic sheets of this area thus 

could be illustrated by means of a 
tarriTaSIL.® * corrugated plate held with its N. W. corner 

slightly elevated and its S. E. comer slightly 
depressed, and the corrugations (in monoclinal flexures) oriented 
W. N. W. to E. S. E. (more exactly, about W. 12° N. to B. 12° S.) 
and placed rather closer together in the north; for completeness 
the plate might be gently indented along a north-south line 
towards the eastern margin. 


The points we have elucidated in connection with the departures 
from horizontality in the traps of the Linga area may now be sum¬ 
marised. They are— 


1. the main trend of the anticlinal and synclinal axes is 

roughly W. N. W. and E. S. E. : 

2. the entire block of lava flows shows the very slight dip of 

35 feet to the mile in a S. B. direction: 

3. the geodes in the Baradoi Nala show an average dip of 

slightly more than 1° to the E. S. B., «.e., at right angles 
to the direction of the fold-dips seen in the Intertrappean 
layers: 

4. evidence for three faults has been obtained (see next sec¬ 

tion), the direction varying from E. S. E. to E. by N. 


The Deccan 
succeaslon. 


Trap 


Before discussing the meaning of each of the foregoing points 
it is desirable to note the position of the 
Chhindwara lavas in the whole Deccan Trap 
succession. The classification of this forma¬ 
tion given in the 2nd Edition of the ‘Manual of the Geology of 
India ’ by Medlicott and Blanford, revised by E. D. Oldham, 
p. 262, (1893), is as follows:— 


Approximate thicknera 
in teet. 

1. Upper traps, with nninerouB beds 
of volcanic ash and the inter¬ 
trappean sedimentary deposits of 
Bombay .... 1.600 
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Approximate thieknesa 
in foot. 

2L Middle traps, ash beds numerous 

above but loss frequent towards , 

the base, no sedimentary beds 

known. 4,000 

3. Lower traps, with intertrappeans of 

N4gpur, Narbadi valley, etc., 
volcanic ash of rare oocurrenoe 
or wanting .... 600 

4. Lamet4 or Infra-trappean . . 20 to 100 


Such work as we have carried out between Chhindwara and 
Nagpur indicates that the flows of the Linga area 
probably correspond with those o£ Nagpur. 
Future work may prove the existence of a 
few flows in the Nagpur neighbourhood older than those of the 
Chhindwara plateau, but we anticipate that the result will be to 
demonstrate that the majority of the flows we have studied in the 
Linga country continue without a break to Nagpur. Consequently 
if Medlicott and Blanford are correct in their classification of the 
Deccan lavas, then flow 1 of the Linga area may well prove to be 
the first flow of the Deccan series of which we have any trace. 

In the Chhindwara district the true sedimentary Infra-trappeans 
play but an insignificant part, being found in but few localities, 
and then only in small thickness; they consist chiefly of grits, 
conglomerates, soft sandstones, and chocolate>coloured clays, the 
abundant ‘ Lameta ’ limestone being regarded by us as a secondary 
replacement product and not as a sedimentary rock (p. 86). 

We will now consider in turn each of the points 1 to 3 summarised 
on page 111. 


In no part of the district do the Infra-trappean rocks, either 
true sediments or * Lameta ’ limestone, show 
olding^^ «l*»ctlon of gj-g^t thickness, whilst in many parts 

these rocks are absent altogether. Even 
where present they have not to any extent modified the form of the 
si^ce of the Archaean gneisses and granites. The strike of the 
foliation planes of these gneisses in different parts of the district 
varies considerably, but from a consideration of the general trend 
of the foliation it is probable that beneath the lava sheets of the 
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Linga area the strike of the foliation lies between W. N. W.-E. S. % 
and W.—E. Thus, it will be noticed, the deduced direction of folia* 
tion of the underlying gneisses is approximately parallel to the ob¬ 
served direction of the fold axes of the overlying basalts; this is 
significant and suggests a structural relationship between the two 
phenomena, indicating, perhaps, that the compressive stresses of 
post-Trappean times are a feeble repetition of those that determined 
the direction of foliation of the Archaean gneisses. This folding, 
together with the faulting noticed in the next chapter, would be re¬ 
garded by Mr. Vredenburg as related to the Himalayan period of 
orogenic movements,^ and to this view we see no objection, although 
it requires substantiation. 


It is not yet certain what is the correct interpretation of 


2 and 3. The S. E. 
dip of the lava flows 
and the E. S. E. dip of 
the geodes. 


the barometrically detected general south¬ 
easterly dip of the flows amounting to 36 feet 
to the mile, and of the average dip of slightly 
more than 1° measured in the geodes of the 


Baradoi Nala. It would be rash to base wide inferences on the 


lat^^er single set of observations, which may have a purely local ex¬ 
planation ; but assuming that future work would show similar dips 
at other points, it was at first inferred that the dip indicated by these 
geodes must indicate the dip of the lavas as a whole, and that the 
general slight dip of the traps to the S. E. already detected from ane¬ 
roid readings must be due not to the original flow of the lavas, but 
to a slight tectonic tilt or warping of the whole surface after the 
geodes were filled with silica, and also after the traps were wrinkled 
into the monoclinal folds already described. But a small calcula¬ 
tion shows that this deduction cannot be correct, because an average 
dip of only 1° to the E. S. E. indicated by the geodes corresponds to a 
dip of 92 feet to the mile, instead of the 35 feet to the mile deduced 
from the aneroid readings.^ From this consideration it seems more 
likely that the dip of the geodes will prove to be a local phenomenon, 
and that the dip of 35 feet to the mile deduced from aneroid read¬ 
ings must be a true flow dip. 

' Allowing for the greater viscosity of molten basalt, however 

; hot, compared with that of w^ater, this value for the angle of slope 
of lava does not seem incommensurate with the angle of slop# of 


* L. e., p. 42. 

• The latter slope corresponds to a dip of 23 minutes. 

Xi 



114 Records of the Geological Survey of India, [Vol. XLVII. 


€owing water in rivers. For the purposes of comparison the fol> 
lowing figures for water are given — 


Non-torrenti(U rivers — 

Naxbada, for 300 miles above Handle 

Missouri. 

Thames. 

Shannon . 

Kile below Cairo . . . . 

Volga . 

Torrential rivers — 

Durance. 

Arve .... 

Colorado, canon section . 


Fail per mile. 

1| feet. 
28 ins. 
21 „ 
11 » 
3‘2B—5 B „ 

3 


11-3—26-4 feet. 
8-6 
7-7 „ 


In comparison with the figures for non-torrential rivers the 
value of 36 feet per mile for molten basalt seems rather high; but 
it must be remembered that the rivers have by their own powers 
of erosion reduced the gradient to that recorded, whilst the lava 
has adjusted itself to such slopes as it found in its course. If, how¬ 
ever, we compare the slope of the lava with those of torrential 
rivera, then the figures are as close as one wouldex pect for sub¬ 
stances of such different viscosities. It looks therefore, as if we 
may |egard the dip of 36 feet to the mile as the true fiow dip of the 
basalt of this area. But in view of the great distances to which the 
lava sheets have flowed before solidifying, it is probable that 
basaltic lava could -flow over a still more gentle slope although to a 
lesser distance, other factors being the same. Consequently we 
must not be surprised if future measurements of the angle of flow 
of the Indian basaltic lavas sometimes yield smaller values than 
that here recorded, as well as, of course, higher ones.^ 

In the foregoing paragraph we have deduced that it is more 
probable that the S. £. dip of the traps of 36 feet to the mile is due 
to flow than to tectonic causes. This is not certain, however, 
and therefore it will be well to consider the other possibility. Should 
future measurements show that the geode dips are not merely local 
but regional, then it will be necessary to admit the existence of a 


* Oradient of Narbada according to E. Vredenbuig, Jtec. 6. S. XXXIII, 
p. 37, (1906): remainder from Geikie's * Text-book of Geolo^,’ 4th Edit., p. 486, (1903). 

* The ba^tic lava slopes of Kilauea, in the Sandwich ^ands, have an angle some¬ 
times as great as 10°, but ‘ occasionally a lava stream may descend a steep slope or even* 
take a piecipitate plunge without interruption of continuity, so that ^e mass resembles 
a frozen oasoade.’ See T. G. Bonney, * Volcanoes,’ p. 88, (1912). 
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S. E. tilt of the traps of later date than the folding, in which case 
it will no longer be possible to interpret the barometrically-deteot- 
ed dip of the traps as due to original flow. But even if future work 
show that the geode dips are purely local, it is still not quite certain 
that the S. E. dip of the traps is due to flow. It might be due to a 
regional tilt either contemporaneous with or subsequent to the 
folding of the flows. 

We have already referred on page 106 to Mr. Vredenburg’s 
deduction of the existence of an anticlinal axis of N. N. E. strike 
and Pleistocene age lying to the west of the Narbada and Puma 
alluvia^ patches. On page 42 (l.c.) he writes:— 

‘ It will be asked, perhaps, how it is that no indication of this warping should 
have been noticed in the nearly horizontal Deccan Trap formation ? But it must 
1)0 remembered that, while its effects may seem very evident on the diagrammatic 
profiles of the river-courses, with their enormously exaggerated vertical scale, the 
amplitude of the oscillations relatively to the large areas affected is so small that 
il would, no doubt, require a minutely detailed survey to detect any consequent 
tiltisg of the volcanic beds.’ 

first sight it might appear that in this S. E. dip of 35 feet to 
the mile we have found just the expected i*fFect of Mr. Vredenburg’s 
N. N. E. Pleistocene warp-axis. A slight calculation shows, how¬ 
ever, that we have no data for making this correlation. The dis¬ 
tance of Gadawara from the point where Mr. Vredenburg’s axis 
crosses the Narbada river is about 130 miles in a straight line, and 
from the lower end of the Narbada alluvium at Handia it is about 
110 miles. If the bottom of the basin in which the Narbada alluvium 
is contained sloped at an angle of 35 feet to the mile from Handia 
to a point opposite Gadawara, then at the latter point it would be 
3,850 feet deep, or, allowing for the gradient of the river, about 4,000 
feet below the surface. The only evidence that we have as to the 
depth of the Narbada alluvium is derived from the Gadawara bor¬ 
ing, which was carried to a depth of 491 feet without reaching the 
base of the alluvial formations. It is not unlikely that the alluvium 
extends to a considerably greater depth than this in the centre of 
the basin, but we are not, on the evidence available, justified in 
assuming such a depth as 4,000 feet. We cannot, therefore, regard 
the dip of 36 feet to the mile in the Linga traps as due to the Pleis- 
Jiocene warping, although we cannot deny the possibility. 

Hence at present the balance of probabilities points to the S. E. 
dip of the Linga traps being a flow dip. 

d2 
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VI. FAULTS. 

In April 1913, we revisited Linga in order to make a brief joint 
examination at certain points and test the map as finally revised 
after the finish of the previous season’s work, and particularly for 
the purpose of unravelling certain difficulties in the neighbourhood 
of Paunari and Dewardha. After a little search we found that a 
fault running in an average E. S. E. direction from a point on the 
Nagpur road a little north of milestone 6 to a point N. E, of Paunari, 
a total distance of about 1| miles, would explain all our difficulties. 
Once we had proved definitely the existence of the Paunari fault, 
the desirability of inserting on the map two other faults—^near 
Salimeta and Jaitpur respectively—^became evident. In spite of 
the numerous cases in various parts of India of disturbances in 
the Deccan Trap formation, sometimes accompanied by faulting, as 
referred to in the previous chapter, yet faults in this formation 
are, as at present known, sufficiently rare to make it desirable to 
state-in detail the evidence for the existence of faults in the Linga 
area. 

The Paunari fault is most clearly traceable at its eastern end. 

On travelling downstream on the left bank 
of the Kulbehra from the sharp bend about 
I mile north of Paunari, one finds the dolerites of flow 2 well 
exposed, first as a series of terraces with an average horizontal dip 
(but with local dips, in one place as high as 25° to E. 30° N.), 
and then as a cliff, jointed into angular blocks, which are bounded 
by plane, concave, and convex surfaces and tend towards rudely 
columnar shapes; this latter is the typical basal dolerite. of flow 
2, the flaggy form being due to one variety of this jointing. The 
total thickness of dolerite seen above the surface of the river is 
about 35 feet. 

After alluvial material for a short distance in the bed of the 
river, numerous outcrops of dolerite stretch down stream past Paunari. 
At first, when the work was based on lithological distinctions, these two 
dolerites were thought to be parts of the same flow; but subsequent 
mapping showed that the rocks seen in the river-bed from Paunari 
past Goreghat, as far as the latitude of Bisapur Kalan, must be 
regarded as belonging to the basal flow 1, whilst the" jointed do-, 
lerites already mentioned belong to flow 2. A small quantity of 
Intertrappean chert and green-earth in the left bank of the Kulbehra 


The Paunari fault. 
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between these two dolerites was then thought to indicate a dip of 
flow 1 under flow 2. The rocks of Paunari Hill, on which stands 
the village, consist largely of nodular basalt, and from their posi¬ 
tion must also be referred to flow 2; their dissimilar lithological 
character from the jointed dolerites seen in the river cliff is partly 
discounted by the presence of scattered fragments of flaggy and 
jointed dolerites on the top of the hill. Flow 2 of this hill is sepa¬ 
rated from flow 1 by green-earth underlain by Intertrappean chert, 
one or other of which can be traced nearly continuously round the 
hill. But at the N. E. end of the hill this girdle of Intertrappean 
material is incomplete, and, instead, two belts of green-eaith-strewn 
groimd run northwards across the more southerly of two cart- 
tracks. The eastern belt of green-earth is specially instructive, 
as it terminates very sharply to the N. N. E. and is then replaced 
by red soil. This is the most easterly evidence of the existence of 
the fault. The western belt of green-earth cannot be traced so far, 
but the Intertrappean chert, sometimes carrying shells, just crosses 
the more northern cart-track, and then swings round to the 
W. N. W., soon terminating. This chert is brecciated in places, 
and the brecciation and the rapid termination of the' horizon to 
the west are interpreted as marking the position of the fault. The 
ground to the north of the presumed position of the fault is also 
slightly higher and of boulder-strewn, uneven character, contrasting 
clearly with the smoother ground to the south of the fault. Further 
west the ground south of the fault shows abimdant exposures of 
the jointed vesicular basaltic surface of flow 1, which is traceable 
to the S. W. into the imderlying dolerites west of Paunari, and to 
the W. N. W. into a section of columnar doleritic basalt, in a ravine 
in the river bank, less than 100 yards south of the end of the cliff 
of jointed dolerites of flow 2. The columnar rock of flow 1 is on the 
same horizontal level as the cliff of flow 2, whilst the columns are 
vertical, giving no evidence of a dip in flow 1 that would carry it 
below flow 2. The river-bank between these two points is alluvial, 
but there seems to be no escape from the conclusion that the 
fault enters the river at this point. 

Across the river the bank is entirely alluvial for some distance* 
and there is no evidence either for or against a fault. Tramping 
across fields one reaches the railway, cutting at Dewardha. This 
cutting shows jointed dolerites of flow 2 for some distance south¬ 
wards from the river bank; but at the point where the fault has 
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been carried across the line on the map, there is a zone some 3 feet 
wide of excessively jointed or fractured, dolerite, and this is doubt¬ 
fully accepted as marking the position of the continuation of the 
Paunari fault. Some 70 to 80 yards further south the cutting shows 
only soil, which gives another possible position, if the fracture- 
zone noticed above does not mark the position of the fault. Pro¬ 
ceeding W. N. W. one crosses, more fields as far as the nala shown 
on the map. The ground is here exceedingly difficult to unravel, 
but we think that the best interpretation is that a tongue of flow 
3 occupying a slight depression extends southwards from the main 
ridge of that flow and has its southern end faulted up as indicated. 
The distribution of , such green-earth and chert exposures and 
fragments as we could find agreed on the whole with this interpretation. 

The next point where there is any evidence of the existence of a 
fault is in a well in flow 2, just below the scarp of flow 3 at a point 
some 150 yards east of the Nagpur road. This well shows decom¬ 
posed trap with a vertical band of chert starting from the bank 
on the west side of the well with a thickness of 1| to 2 feet, 
becoming thinner in^ depth, and re-appearing in the east wall of the 
well as three interrupted vertical seams; there is also an isolated 
fragment in the trap. Although the exact interpretation is not 
clear, it is evident that the rocks have been violently disturbed 
and fractured at this point. Exposmes of intertrappean fossiliferous 
cherts are seen on each side of the road; that on the west side 
shows about 3 feet of this chert resting on decomposed earthy trap 
and having a dip of 40® to the north. Some 5 feet south of the 
Intertrappean band, the decomposed trap shows a vertical band of 
chert a few inches thick, which can be interpretated as having 
been separated from the main mass of Intertrappean chert by 
an earth movement. This is as far west as any evidence of 
disturbance attributable to faulting can be detected. We have 
connected all the points by one slightly sinuous fault, but it is, of 
course, possible that there is a zone of parallel or branching faults 
in this neighbourhood. 

Assuming the representation on the map to be correct, we see, 
starting from the east end, that the fault first runs W. 35® N., and 
then W. 15-20® N. to the river bank. It then continues with a 
wavy course of average W. N. W. direction as far as the well, 
whence it makes a sharp turn to the W. S. to the road. Perhaps 
at this point a subsidiary fault really commences. 
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The down-throw of the Paimari fault is to the north, and judging 
from the juxtaposition of the exposures of flows 1 and 2 in the 
Kulbehra, the amount cannot be less than 35 feet, whilst it is pro¬ 
bably at least 50 feet. It may, of course, be greater—say up to 80 
to 100 feet—but this is a maximum, as otherwise flow 3 would have 
been brought into contact with flow 1. Judging from the map it is 
evident that the throw of the fault decreases to the west. 

In addition to the main Paunari fault, it is necessary to insert 
a much smaller one in the river bank at the 
paonlrtl*******^ ****** ** shown, in order to explain the presence 

of the small exposure of green-earth and of 
Intertrappean chert already referred to. The (^ert has a dip of 
about 20° to the N. N. E. The fault must have a slight down¬ 
throw to the south, decreasing to ml in either direction on the 
strike. 

A somewhat brecciated chert band with a westerly strike is trace¬ 
able for several yards in a nala | mile north 
of Salimeta village. It is 2 to 3 feet thick, 
and vertical like a vein. This is interpreted as marking the 
position of a line of fracture, but there is no evidence as to the 
directicm or extent of the throw, if any. Three-eighths of a mile 
further west and about mile east of Jamun village there is 
a small ridge capped with fragments (1) of dark grey In¬ 
tertrappean chert with shell remains, and (2) of green jasper. 
The exact interpretation is doubtful, but the fragments may mark the 
continuation of the Salimeta disturbance. If so, then the presence 
of the fossiliferous chert can be best explained by supposing it to 
have been brought up by the fault from the Intertrappean horizon 
between flows 2 and 1, which is not far below the surface just here, 
whilst the formation of the green jasper may be connected with 
the fault itself. The throw of the fault would then be not less than 
the distance from the top of the ridge to the Intertrappean horizon 
between flows 2 and 1; there is no evidence as to the direction of 
throw. 

' At Jaitpur the relationships of flows 1 and 2 to each other are 
such that, they might conceivably be explained either by folding 

alone or by a combination of folding with a 
he Jaitpur fault, ^ jg roughly to 

scale, shows a possible* interpretation. On the north bank of the 
river the green-earth horizon (consisting of 6 to 7 feet of green-earth 
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with a basal layer of creamHcoloured clay one foot thick) occurs 
at an altitude of 1,990 feet, and is succeeded downwards by very 
vesicular lava typical of the top of flow 1, and this by vesicular 
dolerite, underlying which is non-vesicular dolerite. Still nearer the 
bed of the river the bank is entirely alluvial. In the river-bed 
itself (1,945 feet) there is a succession of outcrops of the typical 
surface of flow 1, but in the south bank the Intertrappean horizon 
separating flows 1 and 2 is found practically at water level, dipping 
at 12® (10® to 15®) to the south under flow 2 and resting on the 
decomposed vesicular surface of flow 1. This Intertrappean horizon 
consists of foBsiliferoUB chert overlying green-earth, the total thick¬ 
ness being about 3 feet. As shown in the figure, a southerly dip 
of 12® produced upwards to the north would carry the Intertrappean 
horizon well above the green-earth horizon in the north bank 
(along CD); by lowering this horizon it could be carried into the 
green-earth horizon at A, but at whatever angle it were bent so 
as to clear the alluvial bank at B it could not be brought to within 
less than 15 to 20 feet from the surface of flow 1 on the northern 
side of the river-bed. But as this, judging from its physical 
characters, can hardly represent a portion of the flow so far below 
the surface, it follows that the 12® dip seen on the south bank of 
the river lessens so sharply to the north that there must be, approxi¬ 
mately in the position shown, either a fault with a small throw to 
the south, as has been indicated on the section and the map, or, 
perhaps less probably, a monoclinal fold at the same point. 

VII. THE CRATERLBTS. 

An account of the discovery of a series of curious circular hollows 
in the basaltic bed of the Kulbehra river opposite the village of 
Shikarpur has already been given in a previous volume of these 
Records (Vol. XLII, p. 90, (1912)), where they are designated 
* craterhts’ % 

The distribution of the flow to which they belong—^namely 
flow 1—^has been described in section II, and needs no further 
consideration, because a careful examination of the numerous in- 
liers of this flow has not revealed the existence of a single example 
of these craterlets outside the Shikarpur reach of the Kulbehra 
river, in which they were originally discovered, and where they 
occur to the number of about 20, scattered ever a distance of some 
1,600 feet. 
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As structures resembling these craterlets are not known to occur 
anywhere else throughout the immense area of country covered 
by the Deccan Trap lavas, the Shikarpur craterlets are bound to 
be of considerable interest, and an object of pilgrimage to most 
geologists visiting Chhindwara ; they may also excite some popular 
interest. We have, therefore, thought it desirable to append a 
plan (Plate 16, fig. 1) showing their arrangement, and, for purposes 
of description, have assigned to each a number. 

The easiest way of reaching the craterlets is to travel some 5 
miles south from Chhindwara along the Nagpur road, and then 
strike due east across fields for about mile. When projecting a 
visit it should be remembered that the craterlets are situated in 
the bed of a river and are, therefore, in all probability, entirely 
under water during the monsoon. Even in November, when we 
first visited Shikarpur, some of the craterlets were still partly under 
water ; but at any time between the beginning of November (or 
perhaps the middle of October) and the break of the rains in June 
they are probably sufficiently exposed, except after prolonged and 
exceptionally heavy rain storms, to repay a visit. 

On examining the rocky bed in which these craterlets are situ¬ 
ated it becomes evident at once that this is approxinjately the 
original surface of a lava flow, which hapjjons to be no. 1 in the 
series ; the basal flaggy dolerites of flow 2 an? seen in both banks 
of the river underlain by a series of banded clays. 


For the moment ignoring the craterlets, we must first notice the 
character of the surface of the flow. The lava 
flow** *“'’**®® *1*® is here full of vesicles averaging | to inch in 

diameter, and also contains many small amyg- 
dales, as well as large geodes of quartz, chalcedony, etc., such con¬ 
stituents being of course typical of the surface of a flow. Further, 
it is traversed by numerous, approximately vertical, master cracks, 
from either side of which sping smaller cracks, causing a tendency 
towards a rudely columnar structure, the whole being extremely 
suggestive of cooling cracks at the free surface of a lava flow. The 
' strength of this impression is increased by the character of the 
■ surface of the lava immediately east of craterlet no. 4, where there 
seem to be parallel streams of vesicular lava aligned in a N. by W. 
direction, with parallel waved master cracks, and jointing at right 
angles to these cracks. The lava is also striated in the same direc¬ 
tion, and one feels convinced that N. 6^ W. to S. 6® E. is the diiec- 
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Characters 

craterlets. 


tion of flow.^ The character of the surface of the flow is well shown 
in figure 1 of Plate 2. 

The craterlets themselves are distributed very irreguLarly over 
the surface of the flow, and, as will be seen from the plan (Plate 15), 

are aligned in a general N. by E. direction. 
crateiShu***" ** **** alignment may be merely apparent, due to 

the direction of this reach of the river, other 
craterlets being hidden under the banks on either side. But the 
absence of any craterlets in the Eharak stream, which joins the 
Kulbehra about | mile below Shikarpur. may mean that the craterlets 
are really aligned in a N. by E. direction and that this disposition 
indicates roughly the direction of flow of the lava, the evidence of 
the craterlets then agreeing roughly with that of the Cooling cracks 
and the striation of the flow as noticed in the preceding paragraph. 

The craterlets are of very different sizes and shapes. Speaking 
generally they are circular hollows varying in 
internal diameter from 3 to 20 feet, the largest 
being no. 6 which measures 23' x 18'. In some 
cases the circle looks as perfect as if drawn with a pair of compasses, 
e.g.t no. 10 (16 feet diameter) for which see Plate 10, fig. 1. In 
other cases the shape may be oval or even more irregular owing to 
a more complex character than usual, as in no. 11 (an ovoid), 
no. 8A (a horseshoe), and no. 3A (showing two cells or hollows). 
The wall of a craterlet is usually from 1 to 3 feet higher than the 
centre, but no. 3 is 5 feet deep; the heights above the lava 
outside the hollows are of similar magnitude. 

Whereas the lava both outside and inside the craterlets is 
usually very vesicular, that composing the walls themselves is an 
almost non-vesicular variety, much more resistant to weathering. 
It sometimes shows a roughly columnar structure of radial dis¬ 
position, well illustrated in no. 3 (see Plate 11). In this, the best ex¬ 
ample, the colunms are 1 to 2 feet long; the inner ends are non- 
vesicular, and the remainder increasingly vesicular with distance 
from the interior of the hollow. The walb or rims of the craterlets 
are generally from 1 to 3 feet thick, but may be as much as 4 feet, 
as in no. 9 (a fort-like mass), or as little as 8 inches, as in. no. 8. 

It is difiicult to determine the exact nature and signifioance of 
these craterlets. In the first place their present shape- is no doubt 
partly the result of differential denudation acting unevenly on the 

The siriation may be the effect of erosion. 
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non-veBioular rock of the rims and the vesicular rock outside and 
inside the craterlete; but the total amount of denudation cannot 
be great, since, leaving out of consideration for the moment the 
characters of the • flow itself, it is evident from the position of flow 
2 that it has only just been removed. In a few cases it seems 
possible that the crater lets have acted as vents for lava. Thus 
in the case of no,. 3 some vesicular trap piled up outside appears to 
be derived from the craterlet, although this may be the effect of 
denudation. On the other hand, i^o. 11 has its walls breached at 
two points, with streams of lava of comparatively non-vesicular 
character, like the rim, flowing into the craterlet from outside. 

Microscopic examination does not reveal much difference between 
the rocks of the rim and the vesicular lavas outside and inside the cra- 
terlcts. All the thin sections show augite, plagioclase, and magnetite, 
with interstitial black original glass, and various secondary products 
(glass and serpentine), of which the serpentine suggests olivine out¬ 
lines. The rocks of the rim have about the same grain as the 
others, but tend, perhaps, to be slightly finer grained, they also tend to 
contain larger patches of black glass full of niicrolites than the vesi¬ 
cular roedrs ; but, on the other hand, they are comparatively free from 
vesicles, and therefore contain less of the secondary orange glass. 

Judging from the microscope it is evident that the chief differ¬ 
ence between the rocks of the rims and the vesicular lava lies in 
the vesicular character. The rate of cooling of each was approxi¬ 
mately the same, the rim rock having cooled slightly more rapidly, 
if anything. These facts seem explicable in only one way. The 
rims must have remained liquid or plastic after the similar lava 
outside had solidified, this longer persistence of liquidity helping 
the escape of the steam or other gases that produce the vesicles. 
But when the rims did solidify it seems as if they cooled at a slightly 
greater rate than the vesicular lavas outside. The reason for 
the quicker rate of cooling is not apparent, but may perhaps be 
due to the lava having reached a generally lower temperature by 
the time the rims started solidifying. 

' What then is the explanation of the whole series of phenomena ? 

Speaking in the most general way the evi- 
ihe cratSeiE*'*”** ' dence shows that these hollows represent the 

vents for the escape of steam and hot gases 
and sometimes, perhaps, lava from the interior of the flow after the 
crust had solidified. But if we try to form a detailed picture of 
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the sequence of events difficulties arise. If the vents had vertical 
walls like a pipe, how could the rock have been kept liquid long 
enough for it to lose its contained gases without flowing back into 
the interior ? The secret is perhaps revealed by the existence, here 
and there on the surface of the flow, of fiattish patches of non-vesi- 
cular lava like that of the rims. These, taken in conjunction with 
the basin shape of at least one of the hollows—^no. 3—and the not 
uncommon radial columnar jointing of the rims, leads to the follow¬ 
ing detailed explanation, which, though in some respects unsatis¬ 
factory, seems to fit practically all the facts. 

It seems evident, both from a friori reasoning, and from all 
that has been observed in connection with lava flows that when a 
lava is poured out at the surface, the first parts to solidify are the 
lowermost layers at their contact with the underlying cool rock, 
and the upper surface due to the chilling effect of the atmosphere. 
The interior still remains liquid. Like the lava that gave rise to 
the vesicular surface, the interior liquid lava contains dissolved 
gases and water, and under favourable circumstances it is conceiv¬ 
able that the liquid interior might maintain open vents in the other¬ 
wise solid surface for the escape of these gases. This would mean 
a protrusion, from below, upwards into the solid crust, of domes 
of liquid lava, each with an orifice or vent at the surface. Probably 
the vent could tap the lava only for a certain distance downwards 
owing to the viscosity of the lava. With increasing viscosity of 
the lava as it cooled it became more difficult for the gases to escape, 
BO that finally a bubble from 3 to 20 feet across, composed of plastic 
lava, was formed across the mouth of the vent. The last portion 
to solidify, of the materiaj served by the vents, was, perhaps, the 
centre immediately below the vent, and the central plug of vesi¬ 
cular lava in many of the craterlets represents this material. 

The * mineralising ’ action of steam and other gases on magmas 
is well known, and it is possible that the lava, once its dissolved 
gases had escaped, was able to solidify at a higher temperature 
than was othervnse possible whilst the gases were still present. As 
the molten pool of lava cooled with loss of heat and dissolved gases, 
it took on a colunmar radiate structure. 

What we now see at the surface in the Kulbehra is, according 
to this explanation, the very surface of the flow suff^ing in places 
from the effects of slight differential erosion of the top few feet. 
The rim of the craterlet, then, doubtless represents the actual 
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edge of the burst bubble in some cases, whilst in others denudation 
has cut down to a slightly lower level. Where we see now a layer 
of non-vesicular rock resting on vesicular rock as in no. 17 (see 
page 133), we are probably looking at the denuded base of a very 
small local pool in the vesicular crust. Of course, the remainder 
of the flow below the crustal layer of vesicular lava and craterlets 
probably remained liquid or plastic, at least in part, after the soli¬ 
dification of the rock in the vents. The case of no. 11, where the 
rim is breached by lava flowing from outside into the interior, is 
explicable as due to lava derived from the still-molten portions of 
the flow (see Plate 10, fig. 2). 

On the basis of the explanation given above—as, indeed, of any 
likely one—^we might expect to find craterlets at the surface of 
any thick lava flow. The fact that we do not indicates, perhaps, 
that some special combination of temperaijure gradient and per¬ 
centage of dissolved gases happens to favour the formation of these 
liquid crustal pools with subsequent solidification in the manner 


Choice of name. 


indictfted. 

T1 roughout this paper we have applied to theae curious hollows 
the tenn craterlet, which seems to be the 
most suitable designation. For in view of the 
foregoing account, they can hardly be regarded merely as huge 
lava bubbles, or merely as steam vents, for it seems likely that 
small amounts of lava welled out of at least no. 3. On the other 
hand they cannot be regarded as true craters, because they served 
as vents only to the already-erupted lava flow on which they occur, 
and not as orifices for the extravasation of fresh lava from sonie 
underground source. They cannot, therefore, be termed, appropri¬ 
ately, either bubbles, solfataras, or craters, and we have conse¬ 
quently adopted the term craierlei in lieu of a better. 

A radiate arrangement of columns in a basalt flow is occasionally 
seen in the Deccan Trap formation (see, e.g., 
fig. 16, p. 258, Second Edition of the Manual 
of the Geology of India), and it may be suggested that in some' 
cases such phenomena point to the maintenance of liquid pools 
iq the flow after the main mass of the flow had solidified, the cool¬ 
ing of the pool taking place from the periphery inwards. 

Before closing this section with a brief account of each craterlet, 
it will be interesting to enquire whether these phenomena can be 
matched with any previously described, either in India or abroad. 


Radiate columns. 
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Lonar Lake. 


The only crateriform hollow hitherto discovered in the Deccan 
Trap formation is the remarkable circular de¬ 
pression in Berar known as the Lonar Lake. 
This lake occupies a crateriform depression in basaltic lavas of the 
Deccan Trap, which dip gently away from the lake in all directions. 
The depression is circular, and measures 1^ miles across at the top 
of the encircling walls ; it is 300 feet deep with an even bottom. 
The lake is very shallow, the water being nowhere more than 2 
feet deep at the time of Mr. T. D. LaTouche’s visit in March 1910. ^ 
Below the water is silt resting upon solid rock, which is only 
30 feet from the surface of the water at its lowest, according to 
Lieutenant-Colonel R. G. Sm 3 rthe writing in 1884. ^ The true 
natbre of this hollow is not yet known. According to W. T. 
Blanford ^ and R. D. Oldham * it is an explosion crater, the 
detritus of which has since been washed away; but according to 
T. D. LaTouche, the latest writer on this lake, who revives and 
improves an old hypothesis advanced by Prof. A. B. Orlebar in 
1839, ® the depression is the result of the formation of a kind 
of ‘ blister,’ supported either, by steam or vapour under pressure 
or by a laccoHtic intrusion of molten rock. It is supposed that 
the steam or lava escaped through a lateral opening leaving the 
centre of the dome unsupported, which then, after the formation 
of a circular fissure, sank back into the cavity. ® Apart from 
the great size of the Lonar Lake compared with our craterlets, it 
is obvious that there is a radical difference, whatever be the true 
cause of each. The Lonar depression, being 300 feet deep, must 
traverse more than one lava flow, probably at least 3 or 4, assuming 
the flow's of this part of India to have the same general thickness 
as in the Satpuras ; whilst the Shikarpur craterlets characterise thr 
surface, merely, of a single flow. 


» See. Geoi. Surv., Ind., XLl, pp. 266-275, (1912). 

,* Loc. cit., p. 271. 

» Op. eit., 1, p. 62, (1870). 

•Op. cit., XXXIV, p. 147, (1906). 

‘ Trans. Bombay, Oeogr. Soc., II, p. 36. 

• Jt is difficult to aee that this procedure would be followed, with steam or vapour 
as the lifting agent; for on the escape of the steam or vapour the whole of the cover 
should fail back to its original position. But if the lifting agent was a laccolite of lava, 
then the truth, or otherwise, of Mr. La Touche’s hypothesis riiould be demonstrable by 
means of a careful survey, on the lines of that described in this papeT,.of the immedi¬ 
ately surrounding count^. The lava flow c of flgpre 4, p. 274 of LaTouche’s i^aper, 
or its dyke otnnection, would then be detectable with certainty, if the hypothesis he 
true. It should ^ noted, however, that W. T. Blanford (Lc.) states ‘ No dykes whatever 
were observed (Blanford’s italics). ^ 
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It is doubtful if any hollows in the surfaces of lava dows exactly 

Psraslilc conn of these ‘ craterlets ’ have hitherto been 

Etna, Voimini Oala- described in any of the volcanic areas of the 
**^“"*®"* world. They are apparently quite lacking in 
*" the lavas of the Western Isles of Scotland, 

and we have been unable to find any description of such phenomena 
in the great basaltic flows of Idaho and other parts of the north¬ 
western parts of the United States. When we leave the products 
of fissure eruptions, to which belong the lavas of the Deccan, the 
Western Isles of Scotland, tfnd the plains of Idaho, and consider 
the products of central eruptions, we have, of course, the secondary 
cones so common on some volcanoes, particularly on the flanks 
of Etna ; but such cones, differ essentially from the Indian crater- 
lets in the fact that they are built up of fragmental materials brought 
up from below the ash-beds or lava flows on Which they rest. 
Perhaps the nearest analogue to the Indian craterlets is to be found 
in the miniature parasitic cones which ‘ are often formed on lava- 
streams by the discharge of steam and gases from the cooling lava. 

They vary in dimensions from a few feet to a few yards in height, 

and are common on most volcanoes.’ ^ Many such small cones 
{spirades or * boccas ’) were observed by Poulett Scrope on the surface 
of the Vesuvian lava current of 1822 whilst Darwin,® describ¬ 
ing the lavas of Chatham Island in the Galapagos Isles, writes ‘ here 
and there the lava, whilst soft, has been blown into great bubbles ; 
and in other parts, the tops of caverns similarly formed have fallen 
in, leaving circular pits with steep sides.’ 

Another somewhat similar case occurs in the Island of Reunion ; 
it is carefully described by Charles V61ain on pages 100 to 104, 

and illustrated in figures 14, 15, 16, and in Plate 11, of ' Descrip¬ 

tion g4ologique de la presqu’ile d’Aden de Tile de ia Reunion, etc.,’ 
(1878). He writes (p. 100);— 

* D’autres foie, des d^gagements considerables de gaz et de vapeurs ont 
souleve la masse Tisqueuse, de maniple k laisser au-dessons d’elle de grandes 
cavites, qui sont restees vides aprds la solidification.’ 

,One of the best examples of these blisters {ampoules) seen by 
Veiain forms a remarkable grotto, known as the caverne de Rose- 
mo^, or la Chapdle, hung with stalactites of lava. And near this 

^ Prestwich’s ‘ Geology, Chemical, Physical, and Stratigraphical,’ Vol. I, p. 196, (1886). 

* ‘ Volcanos,’ 2nd Edit., p. 80, (1872). * 

* ‘ A Naturalist’s Voyage,’ p. 369, New Edit., (1890). Also see ‘ Geolo^cal Observa* 
tions on the Volcanic Islanda etc.,’ p. 116, 2nd Edit., (1876). 
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grotto are several craters lacking the conical superstructures, and 
consisting of simple openings 30 to 40 metres across and 7 to 8 
metres deep. The smallest of these is shown in Plate 11 of Velain’s 
work and bears a certain resemblance to the Indian craterlets, but 
is much more picturesque owing to cascades of lava from a sub¬ 
sequent flow. These lavas of K6union are very viscous and of basic 
composition, and it is doubtless this viscosity that has led to the 
formation of the crateriform openings, which are regarded as vents 
for steam and scoriae. 

Reference may be made to still another case, namely Elilauea 
in the Sandwich Islands. In an account, based on that of J. D. 
Dana, of the 1840 eruption of a flow of basalt extending for 11 
miles from the place of issue to the sea, Professor Bonney writes ^ 

* Here and there on the surface of the floor -w ere miniature cones a few yards 
in height, out of which iavan had spouted for a wiiile after the stream had flowed on.’ 

This section may appropriately be closed with a brief description 
of each craterlet. 


Details of the Craterlets. 

The craterlets were examined in November, when there was 
still a fair amount of water in the river; doubtless they are better 
exposed later in the dry season. The measurements of the crater¬ 
lets are internal measurements :— 

No. 1.—This is 9' 2" by 8', internal measurements, with 
its long axis directed N. 10° E. It had a circular rim 
immersed in the river except on the northern edge. The 
sides slope inwards, the depth of water inside being 22." 
No. 2.—This is 6' 10" in diameter and circular. The west 
wall was submerged, with the east edge projecting a 
few inches above water. Depth of water inside 16". 
No. 3.—(Sec Plate 11).—This is the best craterlet of all. It 
is 13' by 12' 9". Measuring from the N. E. edge it 
is 5 feet deep, but only 3 feet on the opposite side 
where the wall is lower. The wall tends to be columnar 
at right angles to the circumference. The inner 7" to 
8" of the columns consists of compact non-vesicular trap, 
passing outwards through the remainder of the columns 
(1' to 2' long) from feely to coarsely' vesicular rock. 

* ‘ Vtilfanoes,’ p. 67, (1912). 
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The sides of the craterlet are nearly^ vertical, sloping 
inwards slightly. It contained IJ feet of water in 
the middle, so that the nature of the rock there could 
not be examined. Some of the vesicular trap on the 
banks of the craterlet might easily have been erupted 
from the interior. 

No. 3A.—This is of very irregular shape, 12' 3" by V 9', with 
a partition, as shown in fig. 1, dividing it into 2 cells. 
The material composing the walls and partition is 
hard and yet contains small vesicles, but is quite distinct 
from the coarsely vesicular rook outside. The wall 
varies from 6" to 2' 5" in thickness. 



Flo. 1. Craterlet so. 3A. 

No. 4.—(See Plate 12.) This, nearly the smallest craterlet, is 
also the most perfect. It is represented in plan in 
fig. 2, and is only 4' 3' by 3' 9" in internal diameter. 
The rim is about 1 foot thick and instead of dipping 
inwards seems to dip outwards under the external 
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vesicular lava. This suggests that it may be in¬ 
creasing in diameter downwards, as one would expect 
in some cases. The interior is filled with vesicular lava. 

No. 6.—This is 23' by 18' with its long axis N. 30® E. It 
lacks the usual clean-cut outline due to hard walls, 
and possesses instead sides of vesicular basalt, which 
at the edge itself contains small vesicles, but away 
from the edge is coarsely vesicular, containing amyg- 
dales of quartz, chalcedony, and calcite, usually aver- 
aging I inch in diameter. It contained 2 feet of 
water, whilst the bank rose another 3 feet, giving a 
total depth of 5 feet. 

No. 6A.—This is not a proper craterlet, and serves to show 
the relationship between the true craterlets and more 
normal cooling phenomena. It is an oval depression 
with its long axis north and south, and is merely a 
jointing effect in the amygdaloid, of which it is entirely 
composed. Through it runs in both directions along a 
N. 8® W. line a long master cooling crack. Parallel 
to this is another similar furrow, and each crack is 
marked by a series of pools. Fig. 3 shows such a 



Fig 8, 



1‘aet 


2.3 ITeemoe & jPox : Dcccan Trap Plows of hinga. 101 

pool, the hollow being evidently a jointing phenomenon 
produced by the cooling of the surface. 

No, 6.—^This craterlet was almost entirely submerged and 
not amenable to examination. It is 3' in internal 
and 6' in external diameter. 

No. 7.—^It has an internal diameter of 4' 9" in a N. W. direc¬ 
tion. It has the usual hard rim, 6' to 12" thick, with 
vesicular trap both inside and outside; but, the rim 
is incomplete, forming a rough semicircle. 

No. 8.—This craterlet, 16' across in a W. N. W. direction, 
was almost entirely submerged, a few feet of the eastern 
part of the rim being visible. The rim, which slopes 
inwards, shows only 3" to 4" of the hard trap, passing 
rapidly outwards through finely vesicular to coarsely 
vesicular lava> 

No. 8A.—^This is 6' in diameter, in the shape of a horseshoe, 

' with the opening of the horseshoe directed to the S. E. 
The whole of the rock is vesicular, the sides sloping 
gently upwards in saucer fashion for 1 to 1.^ feet. 

No. 9.—(See Plate 13.) This fort-like craterlet, which is 8' by 6' 
(long axis N. E.), has the most marked wall of all. It 
is over 3' high outside on the N. E. side, and about 
3' feet deep inside. The wall varies from 1' to 4' 
thick, but is not compact in ite entire thickness, 
there being vesicular patches here and there. Inside 
there is also vesicular trap. 

No. 10.—(Sec Plate 10, fig. 1.) It is a circle 16' in diameter, 
lying in water, with its wall breached in two places. 
The wall varies from a few inches to 2' thick, and passes 
into vesicular trap outside. It seems to slope in¬ 
wards. 

No.’ 11.—(See Plate 10, fig. 2.) This craterlet is of ovoid shape, 
15' by 11', with its long axis in a W. by N. 
direction. The wall varies from IJ' to 2|' thick, and 
appears to be breached on two opposite sides by 
compact lava, similar to the material of the rims, 
flowing into the craterlet from outside (see fig. 4). For 
a possible explanation of this see page 125. Inside 

x2 f 
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the wall at the western end there is some coarsely vesi¬ 
cular trap. 



Fio. 4. 

No. 12.—(See Plate 14.) This craterlet is 8' 8" by 7' 8" 
(long axis W. N. W.), and is circular with a central 
plug. The rim varies from 13" to 22" in thickness, 
and like the plug, is composed of compact trap, which, 
however, ‘is in both cases slightly vesicular, the plug 
being less vesicular than the rim. Between the rim 
and the plug is an annular depression, occupied, where 
rock is visible, by more amygdular rock, similar to 
that immediately outside the craterlet. There are also 
small patches of softish amygdaloidal rock resting on 
the top of the rim (see fig. 5). 





Fio. 5. 


A 


f C. 


No. 13.—The B^bmerged semi-circular rim is 13* across 
the horns in a N. 80° £. direction, the opening being 
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directed towards the west. In places the edge o£ the 
rim just reached the surface of the water. 

No. 14.—^l^is is the craterlet that first attracted attention 

to these phenomena. It measures 9^ 4" (S. 10® W.) 

by 8' 1* external diameter, and has a wall of non- 
vesicular rock varying from 2 to 3 feet in thickness: 
this rim rises only a few inches to 1' 3* above the 
central hollow, and only a few inches above the ex¬ 
ternal basalt. The central slightly eccentric hollow 
contains loose stones. 

No. 16.—This is a rough circle oi about 6' internal diameter, 

with a rim to 3| feet thick, composed of hard, 

though slightly vesicular, basalt, the central portions 
of the rim being more vesicular than the two peri¬ 
pheries. A little soft vesicular trap is seen attached 
to the interior, as well as outside. 

No. 16.—^This is an almost completely submerged circle, 13' 
in diameter, close to the west bank of the river. 

No. 17.—^This is a small cap of hard black trap about 3| by 
2 feet in diameter resting on amygdaloid. A sugges¬ 
tion as to its nature is advanced on page 125. 

No. 18.—^Nearly circular, about 4' internal diameter, with 
walls about 2' thick, and passmg into amygdaloid both 
outside aud inside. 

No. 19.—This, the most northern of the craterlets, is merely 
the remains of a small one, with thick walls, the sur¬ 
rounding rock being fairly compact also, with veinlets 
of chalcedony. 

Vlll. SUMMARY. 

1. This paper states the results of an attempt to map in detail, 
flow by flow, a selected area of Deccan Trap lavas of about 65 
square miles in extent lying immediately to the south of Chhind- 
wara, in the Chhindwara district. Central Provinces, the chief 
village situated on these lavas being Linga. This paper does not 
give the microscopical and chemical characters of the lavas, which, 
it is hoped, will be described later. 

2. OHie number of flows detected is five, numbered from below 
upwards, 1, 2A, 2, 3, and 4. Their average thickness is about 
flO feet, giving a total thicknesH of about 300 feet. 
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3. The basal flow rests either directly on Archean granites and 
gneisses, or is separated therefrom only by a small thickness of 
calcified and silicified gneisses (so-called * Lameta *). 

4. These flows are probably not the basal flows of this neigh¬ 
bourhood only, but are probably at or close to the base of the entire 
Deccan Trap succession, at least as exposed at the surface. 

5. Each of the flows is of basaltic composition, and is composed 
typically of labradorite, augite, and magnetite, with interstitial glass, 
usually in but small quantity, and with sometimes a little olivine, 
which is particularly characteristic of flows 1 and 2. There is a 
tendency for the olivine to be more abundant at the base, as is most 
evident in flow 2; this is probably due to gravitative differentiation 
during cooling. 

6. Flow 3 is remarkable in containing in many places abundant 
shot-like spherules of glassy aspect, which are pale golden when 
freshly broken, but, on exposure, rapidly change colour to ruby- 
red or black. This mineral is probably identical with or closely 
allied to the chlorophseite of the Western Isles of Scotland, which 
exhibits the same remarkable colour change, and is found in the 
basic lavas termed mugearite by Marker. 

7. Although each, flow has its own individuality, yet there is a 
tendency towards conformity to a standard succession of textures 
and structures on passing from the base to the surface of each, 
in consequence of which it is often impossible to refer a given ex¬ 
posure to its proper flow without tracing its stratigraphical connec¬ 
tion with exposures of known position in the series. 

8. The type flow towards which all tend to conform shows 
vesicular basalt at the base, passing up into non-vesicular columnar 
basalt; this becomes coarser and coarser in grain, until toward 
the centre of the flow the rock may be a coarse-grained dolerite, 
above which it becomes basaltic again, and finally vesicular and 
amygdaloidal. Dolerites are best developed in flows 1 and 2. 

9. The detailed mapping has proved that these dolerites belong 
to surface flows, so that they differ from the dolerites of Skye, which 
according to Marker’s interpretation are sills intrusive in a series 
of extrusive basalt flows. 

10. Each flow is separated from the overlying and underlying 
flows not only by vesicular surfaces, but also usually by an Inter- 
trappean horizon of small thickness, composed cither of fresh-water 
fossiliferous sediment, or of * green-earth,' or of both together. It 
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is the existence of these Intertrappean horizons, that has rendered 
possible the separate mapping of the flows. 

11. The green-earth has been formed by the alteration of the 
base of each flow and cannot thus be strictly regarded as Inter¬ 
trappean ; the composition and exact mode of formation of this 
product will, it is hoped, be described subsequently. 

12. The general aspect of the Linga series of flows suggests 
horizontality, but detailed mapping combined with a careful use of 
the aneroid barometer, has shown- that the flows are no longer in 
the exact position in which they cooled. They have been folded, 
indeed, into a parallel series of gentle anticlines and synclines strik¬ 
ing W. by N. and E. by S., with a slight pitch to the E. by S. In 
addition to the folds, evidence has been obtained of the existence 
of three small faults with the same general strike. The most 
important of these, the Faunari fault, has a downthrow to the north 
of about 50 feet. 

13. Since this E. by S. direction is parallel to the direction of 
foliation of the Archsean gneisses in this neighbourhood, it is suggested 
that the compressive stresses of post-Trappean times to which 
the folding is due may represent a feeble repetition or echo of those 
applied so much more intensely in the far-off Archeean times. 

14. The onyx geodes in the surface of flow no. 1 in the Baradoi 
Nala were found to dip at slightly more than 1® to the E. S. E. 
This is considerably greater than the general dip of the flows to the 
S. E., which is only 36 feet to the mile. The dip recorded in the 
geodes is consequently thought to be a local tectonic result, whilst 
the general dip, it is suggested, may represent the original flow 
dip of the lavas, but is possibly due to a general slight tilt imparted 
to the lavas at the same time as the folding. 

15. A local sag with a N.—S. alignment, detected in the traps 
near the Kulbehra river, is thought to mark the position of a pre- 
Trappean depression in the underlpng Archasan surface, probably 
the direct ancestor of the Kulbehra itself. The present-day tri¬ 
butaries of the Kulbehra tend to be aligned in an E. by S. and W. 
hy N. direction, t.c., parallel to the axes of folding; but as the 
axes of folding are probably parallel to the direction of foliation 
of the underlying gneisses, and therefore, probably, to the surface 
features of those gneisses on the pre-trappean peneplain, it is sug¬ 
gested that the flows may have solidified with slight depressions 
on their surfaces parallel to the underlying valleys, which would 



136 Records of the Geological Survey of India. [VoL. XLVII. 

have deteimined the position of fiesh drainage lines on the new 
surface vertically above the old ones. The post>Trappean folding 
of the flows being also pamllel to the foliation of the gneisses would 
then have accentuated and confirmed the directions of these drain¬ 
age lines. It is thus suggested that in the Kulbehra and its tri¬ 
butaries we may be looking at a generalised reproduction of the 
drainage system of this area in pre-Trappean times. 

16. The vesicular surface of flow no. 1 in the Kulbehra river 
opposite Shikarpur is rendered remarkable by a series of some 
20 circular hollows, with rims of non-vesicular lava. These hollows 
range from 3 to 20 feet in diameter, and are from 1 to 3 or even 
5 feet deep. They are regarded as representing the vents for the 
escape of steam and hot gases, and sometimes, perhaps, of lava, 
from still-molten pools within the interior of an otherwise solidi¬ 
fied lava flow. For want of a better term they are designated 
crcOerlets. We have been unable to find any accounts of the exist¬ 
ence of precisely similar structures elsewhere in the world. 


LIST OP PLATES. 

PLATE 7.—^FiQ. 1.—^Tufa conglomerate with trap pebbles and overlying grit; 

Kulbehra river, near Nonia. 

Fio. 2.—Amygdaloidal basalt surface with tufa veinlets; Kulbehra 
river, near Nonia. 

PLATE 8.—Eio. 1.—Vesicular fissured surface of flow I; Shikarpur. 

Fio. 2.—Terraces of jointed dolerite of flow 2; Kulbehra River, 
near Paunari. 

PLATE 9.— Fig. 1.—Base of flow 2 (flaggy dolerite) resting on Intertrappean 

clays; Railway cutting, Murmari. 

Fig. 2.—Concave jointing in basal dolerite of flow 2 ; Murmari. 
PLATE 10.— Fig. 1.—Craterlet No. 10 ; Shikarpur. 

Fig. 2.—Craterlet No. 11; Shikarpur. 

PLATE 11.—Craterlet No. 3 ; Shikarpur. 

PLATE 12.—Craterlet No. 4 ; Shikarpur. 

PLATE 13.—Craterlet No. 9 ; Shikarpur. 

PLATE 14.—^Craterlet No. 12; Shikarpur. 

PLATE 16.— Fig. 1.—^Plan of Ckaterlets. 

Fig. 2.—Section across Kulbehra river at Joitpur, 

P LA TE 16.—Qeological Map on scale |'=1 milflu 
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A Note on the Iron Ore deposits of Twinnge, 
Northern Shan States. By J. Coggin Brown, 
M.Sc., F.G.S., M.I.M.E., Assistant Superintendent, 
Geological Survey of India. 


' ri^HE deposits occur near Twinng^, approzimatefy' 1,000 yards 
LocsUty north-north-west of a point on the railway 

2 miles north-east of Thondaung (Lat. 21° 
66^ 30*: Long. 96° 24^ 30*), a station on the Lashio branch of the 
Burma Railways, between Mandalay and Maymyo (see Burma 
Surveys map, old no. 243; new no. 93 C-6). 

Like other mineral deposits which have attained commercial 
importance in this part of the world, the 
TwinngS iron ores did not escape the atten¬ 
tion of the ancient miners, traces of whose activities were still 
visible a few years ago. The name “ Thondaung,” is Burmese 
and means ** Iron Hill.” 

At Thondaung railway station the shaly limestones of the 

fieokiirv of the Nyaungbaw stage (Upper Ordovician) are 

* visible, with an easterly dip of about 20°. 
Continuing up the line towards Twinng^, they give place after a 
short distance, to the Zebing 3 a (Tentaculites) beds of the Upper 
Silurian, which in their turn are replaced by Plateau Limestone 
(Devonian ?). A &ult then repeats the succession,—flaggy 

Nyaungbaw limestones, reddish shales with Tentacndites elegans, 
resting on the eroded surfaces of the former, and Plateau Limestone 
which marks the commencement of the main plateau stretching 
far to the east from this point. To the north of Twinnge, the thin 
band of Zebing 3 ri beds is replaced by a broad belt of rocks belonging 
to the Naungkangyi series (Ordovician). 

The area occupied by the mining lease is entirely within Plateau 
limestone, with its characteristic forest, sterile red soil and streadi- 
'beds full of calcareous tufa. One of the most strikii^ features 
; of this formation, not only in the region under discussion, but 
everywhere over the hundreds of square miles across which 
it extends, is the mantle of red clay which covers it. Of a 
j>revailing bright Indian red colour, this clay may attain depths 
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of 20 or 30 feet. Its origin is attributed to the accumulatioii under * 
weathering the insoluble matter in the limestone itsdf, and in 
the shale and clay bands which are somerimes interstratifled with- 
it. The clay contains little or no sandy matter, is stiff and tenacious - 
in nature and is often full of pisoUtic nodules of oxides of iron, 
ranging in size from small shot upwards. La Touche ha,B compared 
it with the “ terra rossa ” of Istria and Dalmatia and thinka it 
may have been produced by a process of lateritisation, the difference 
between the final product and ordinary laterite being perhaps duo 
to the absence of siliceous matter from the limestone.^ 

The Twinng4 ores occur entirely in this red clay. The lease 
has an area of 1,630,000 square feet. 160,000-• 
feet of this are occupied by Umestone without 
any covering. The remaining 1,470,000 square 
feet contain ore-bearing clay. The deposit forms a low irregular hill, 
and the thickness of the overburden, a hard Indian red clay, which 
must be removed before the ore-bearing layer can be reached, ranges 
from nothing at the summit of the hill to 6 feet at its bottom. 

The average probably lies between 2 and 3 feet. Underneath this 
non-productive overburden is a band of deep red clay which is assumed 
to have a thickness of 3 feet. It is not always possible to measure 
the exact thickness of this band because the pits by which the ore 
is extracted seldom reach the base of it. In one working which 
touched limestone the band measured from 2 to 3 feet in thickness. 


Occurreiice of ore at 
Twinnge. 


According to a report on the deposit by Mr. M. H. Loveman, 
Economic Geologist to the Burma Mines Co., Ltd., courteously 
furnished me by Mr. C. H. Macnutt, Resident Manager,—^to both 
of whom I am greatly indebted ,—** In 29 pits examined the average 
thickness was 2 feet, and in all but 4 of these, the bottom was still 
in ore. It appears safe to assume an average thickness of 3 feet 
over the whole deposit. This conclusion is strengthened by the 
4 pits in which limestone was reached. In these the thinkTiftaa of 
ore was 18, 24, 36 and 48 inches, respectively. In the first case the 
pit is on the extreme edge of the ore and should not be considered 
an average sample.” Assuming then an average thinknftHa of 
3 feet, which I consider to be correct, and estimating it to contain 
by volume in iron oxides, which I regard as rather a conserva¬ 
tive figure, Mr. Loveman, reckoning 8 cubic feet to the ton for 


• T. D. L* Touche, Geology of the Northern Shan States. Jjfem., Geet 8urv. Ini,* 
YoL ZXXIX, Ft. 2, p. 322. 
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iron oxides, shows that there were originally 275,626 tons of ore 
in the proven area of the lease. Of these some 60,000 tons had 
been removed up to March 1914, leaving at that time 225,000 iomr 
approximately. Further quantities have been removed since then. 
Occasionally, thin layers of a hard red clay, a few inches thick, 
separate the ore-bearing horizon from the limestone below. The 
Gce occurs in rounded grains, pebbles and masses, ranging in size from 
peas to huge boulders several feet in diameter and weighing many tons. 
These are not cemented together or very firmly embedded in the clay 
which surrounds them, neither do they form a continuous layer. 
Figure 1, is a generalised vertical section showing the mode of occur¬ 
rence of the ore. Segregation into rounded mammillated masses with a 
water-worn appearance is of course typical of the tjqie of ore deposit 



Fig. 1.—Generalised vertical section showing mode of occurrence of the iron ores of 
Twinn^, Northern Shan States. 

' a = Plateau Limestone. 

b = Hard red clay. 
c — Deep red clay with iron-ore. 
d = Indian red clay or Plateau Earth. 

/ = Patches of ironstone gravel. 
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to which the Twimig4 one belongs. On the outside these masses 
usually exhibit a light brown polish possibly a thin limonite wlrin. 
When broken open th^ are black or dark brownish-black with 
numerous very irregular reddish patches. The ores apparently con¬ 
sist of mixtures of limonite and hematite with, perhaps, mixtures of 
various colloidal hydroxides of iron. The average assays of the 
material deliv^ed from Twinng4 from September to December 
1914 are as follows (the figures were kindly supplied by Mr. 
Macnutt): 



Insoluble % 

Fe% 

Al208% 


10-2 

66-3 

3*4 

with a range of — 

minimum . 

. 7-4 

51-7 

1*8 

maximum . 

. 14-4 

59-2 

6-7 

The average assays from January to March 1915 were 

as follows :• 


6*4 

601 

3-4 

with a range of — 

minimum . 

. 30 

66-3 

20 

maximum 

. 12-1 

62*7 

5-4 


Other similar deposits exist in the immediate neighbourhood. 
'The surface of the ground shows the same type of light brown 
ferruginous gravel and larger pieces of iron ore. In more distant 
parts of the Shan plateau th^ will also be discovered when carefully 
searched for. Recently I have noticed the same indications between 
the villages of Wetwin and Padaukpin and also a few miles south 
of the latter locality, though whether the ores exist here in paying 
•quantities or not has still to be determined. 

These iron ores are undoubtedly of residuary origin. It is 
well known that only a small part of 

Oisjin* • _• • _ • • . • jj * 

the iron is earned away in solution dunng 
the ordinary processes of weathering, but at first sight, it appears 
difficult to understand how such enormous quantities of clay and 
iron ore have been concentrated from the Plateau Limestone, which 
as a rule contains low ferric oxide values and is only high in in¬ 
soluble matter in exceptional cases. The dolomite at Twinng4 
does not differ in appearance and structure from typical material 
found elsewhere on the plateau. In seven analyses by the late 
T. R. Blyth (quoted by La Touche ^), the oxides of iron and aluminium 


Toaehe, loc. eU., p. 188. 
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together only average 0*76%, while the insoluble residue of the 
same rocks averages as low aa 1*09%. 

But the Shan plateau seems to have permanently emerged 
from the sea in later Mezozoic times, and if the degradation of the 
strata of which it is built up has been proceeding since even later 
times than this, the removal of soluble constituents and concentra¬ 
tion of the insoluble ones must have been enormous. The chemical 
processes which have resulted in the formation, in a subtropical 
climate, of a red ferruginous clay, containiug extensive iron ore beds 
and very little if any calcareous matter, from very pure dolomites 
containing small amounts of iron and insoluble matter, are certainly 
of more than ordinary interest. 

The proper method of exploiting such a deposit would be to 

... .. start at the bottom of the slopes and remove 

Methods of working. ,, u i t x if j j 

the whole thickness of overburden and ore. 

Unfortunately this has not been done up to the present time, though 
I understand that it is to be adopted shortly. At present the 
native method of working consists in digging pits and trenches in 
a hs]‘hazard fashion on any position where the miner thinks he 
will obtain good ore. Again, the bottom layer of ore is in most 
cases left in the holes to be afterwards buried again under waste 
overburden from above. It is doubtful whether it will ever prove 
profitable to rehandle this. The large boulders of ore are also un¬ 
touched at present. 

After breaking into convenient sizes the ore is carried by carts 
to a siding where it is loaded into trucks and railed to Nam Tu. 
Here it is used as a fiux in the local lead-smelting industry. 





FIG 1.-TUFA CONGLOWERATE WITH TRAP PEBBLES FIG 2-AMYGOALOIDAL BASALT SURFACE WITH TUFA 

AND OVERLYING GRIT. VEINLETS. 

Kulbehra River near Nonia. Kulbehra River near Nonia. 
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FIG 1 - VESICULAR FISSURED SURFACE OF FLOW I, 
Shikarpiir 



l>y I- ValuMUi. 

FIG. 2-TERRACES OF JOINTED DOLERITE OF FLOW 2. 

Kulbehra River, near Paunari. 
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FIG -BASE OF FLOW 2 (FLAGGY DOLERITE) RESTING ON INTERTRAPPEAN CLAYS. 

Railway cutting, Murniari. 



hy A. A. p'ernwr. V, S. 1. CalaHta. 

FIG. 2.-00NCAVE JOINTING IN BASAL DOLERITE OF FLOW 2. 


Murmari. 









FIG 1- CRATERLET No. 10 Shikarpur. 




L. J’ermor. 

FIG. 2.-CRATERLET No. 11. Shikarpur. 














CRATERLET No. 3. Shikarpur. 


















ORATERLET Mo. 4. Shikarpur. 

















CRATERLET No. 9 Shikarour 













CRATERLET No. 12 Shikarpup. 















SECTION ACROSS KULBEHRA RIVER AT JAITPUR. 
Along line of section N. N. in Plata No. 10. 

Scali, / inch >■ ijj feet. 
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Reginald Cooksey Burton. 

Bom, March lOOi, 1890: Died of wounds, lApril 9th, 1916. 

¥ 

I greatly regret to have to record the death, on April 9th, of 
Mr, R C. Burton, Assistant Superintendent, Geological Suxvqr 
of India. Mr. Burton joined the Department in January 1912, and 
was posted to the Central Provinces, where, during his short period 
of service, he did admirable work in helping to solve the question 
of the origin of the calcareous gneisses which constitute such an 
important element of the Arohman group of that area. His investiga¬ 
tions into the origin of the bauxite of Seoni and adjoining districts 
also gave evidence of marked ability and by his death the Geological 
Survey has lost one of the most promising, as well as one of the 
most popular, of its younger members. 

Mr. Burton joined the Indian Army Reserve of Officem early 
in April, 1916, and after a short training in India, was attached to 
jthe 104th Rifles in Mesopotamia, where he died on April 9th from 
wounds received in action on the previous day. His loss is keenly ^ 
felt by all his colleagues. 

I 

H. H. Hayden. 


9 
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1.-INTRODUCTION. 

T he method of classification adopted in the first Review of Mineral 
Production published in these Records (Vol. XXXII), although 
admittedly not entirely satisfactory, is still the best that can be 
devised under present conditions. The methods of collecting 
the returns are becoming more precise every year and the machinery 
employed for the purpose more efficient. Hence the number of 
minerals included in Class -1—for which approximately trustworthy 
annual returns are available—is gradually increasing, and it is 
hoped that before long the minerals of Class II—for which regularly 
recurring and full particulars cannot be procured—will be reduced 
to a very small number. In the case of minerals still exploited 
chiefly under primitive native methods and thus forming the basis 
of an industry carried oi by a large number of persons each working 
independently and on a very small scale, the collection of reliable 
siatistics is impossible, but the total error from year to year is not ' 
improbably approximately constant and the figures obtained may 
be accepted as a fairly reliable index to the general trend of the 
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industry. In the case of gold, the small native alluvial industry 
contributes such an insignificant portion to the total outturn that 
any error from this source may be regarded as negligible. 

From Table 1 it will bo seen that there has been an increase of 
7 per cent, in the value of the total production over that of the previous 
year and this that value is now for the first time over 10 million pounds 
sterling. The increase in value is highly satisfactory in view of the 
many disturbing factors introduced by the war; and analysis of the 
figures shows that only a few of our industries have been afiected 
adversely, while many of them have profited considerably by the 
higher prices realised during the past year. 


Table 1. —Total Value of Minerah for which Rcturm of Production 
are amilahle for the years 1914 and 1915. 


Mineral. 


Cua) . 

Gold . 

Petrolouni . 
Manf'aneso-tire (<») 
Sail (h) 

Saltpetre 
Lead an<l lead-ore 
Tungsten-ore 
Building materials 
road metal 
Mica (r) 

Tin-ore and Tin . 
Jade.stoue (c) 
Ruby, Sajiphire 
spinel 
Monazitc 
Iroii-oro 
Silver 

Copper-ore . 

Alum 

Magneaito . 

Clay . 

Chromite . 

Steatito 

Agate 


1!)14. 


Increase. 

Deureasu. 

Varia¬ 
tion per 


_ 

_ 


cent. 

£ 

£ 

£ 

£ 



:i.78] .(Mil 


120,510 

— 5-2 

2,:ws,;{r)r) 

2,;i(i<.i,4s(> 

51,101 

f 1-3 


j.25(),so:{ 

208.258 


4 311 

«77.2r4 

‘)2!»,54(i 

52,282 

, , 

1 50 

4S:J,2S!> 

(i(MI,251 

170,005 


f 3(» (i 

i 272.4r.2 

:j7:i.S!)i 

101,420 


-f 57-2 

202,:i;so 

3l(i.l82 

115,852 

, , 

■1- .50-2 

I I7s..-.i:{ 

2'.M).772 

118,220 

, , 

1 60-2 

21S,S7ft 

204.().52 


14,227 

— 05 

2;i7.:{i() 

18:1.'H7 

.. 

55,565 

— 22-5 

as,2o;i 

i 54.980 

10,777 

. . 

-1- 45 0 

40.092 

52,070 

11,078 


4 20-9 

42,i:j:j 

1 :)(i.2»8 


0,855 

— 1.5H 

41,til 

' ;{;{.2:{s 


8,173 

— 19-7 

40,(5(m 

1 5l,88t) 

, , 

8,779 

— 21(> 

2li.S!»(> 

51.150 

4,254 

. . 

-1- 1.5-8 

7,2{»4 

1 14.;{8I 

7,087 


+ 97-2 

4,«49 

4.503 

. , 

250 

— 5-5 

.'•.17 

5,075 

3,410 

. . 

+ 613-3 

2,7!)2 

5.851 

1,042 

. . 

-f 37-3 

2,(>I 1 

! 5.551 

020 


+ 35-2 

4,1 m 

j 2..578 

1 • • 

1,508 

i H- 37-8 

175 

I 1.010 

. 844 

I 

1 

• 

1 -4- 482-3 


(rt) Value f o. h. at Indian iJorts. 

(ft> Prices wi( lieut duty. 

(r) Export values. 

B 2 
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Table 1. —Total value of Minerals for which Relume of ProdAidio'n 
are available for the years 1914 and 1915 —oontd. 








Voria- 

Mineral. 


1914. 

1915. 

Increase. 

Decrease. 

tion per 







cent. 



£ 

£ 

£ 

£ 


flypsiim 


979 

979 




Diamond . 


791 

603 


188 

-f’23-8 

Oehre 


157 

459 

302 


y 192-4 

Corundum . 


447 

277 


170 

— 38-0 

Antimony . 


4 

236 

232 


• • 

Amber 

« 

274 

199 


76 

— 27-4 

Zinc-ore 

• 

10,762 

174 


10,688 

— 98-4 

Graphite 

• 


158 

158 



Platinum . 

• 

213 

100 


113 

— 63-0 

Bauxite 


32 

29 


3 

— 9-4 

Garnet 

. 

4,806 

10 


4,796 

— 99-8 

Samarskite 

• 

• 121 



121 

, , 

AsboHtoa . . 


23 



23 


Pitchblende 


13 

• • 


13 

• • 

Triplite 


13 

• • 


13 

• • 

Total 

• 

9,945,636 

10,649,512 

939,490 

235,620 

+ 7*0 














Of the eight leading industries only one, namely coal, shows a 
decrease in the value of its output; at the same time, although the 
value of the outturn has decreased, the actual quantity produced 
has increased considerably and has risen from a little under 16.^ 
million tons in the preceding year to over 17 million tons. This, 
of course, nmans that there has been a considerable fall in the price 
of coal, the direct cause being the scarcity of steamers and the 
consequent restriction of exports from Calcutta to other fndian ports. 
Tn the case of manganese-ore the relationship between the value and 
the amount of the output was exactly the reverse of that in the case of 
coal, for the actual output during the year 1915 was nearly 34 per cent, 
less than that of the preceding year, whereas the value of the exports 
was considerably higher ; this again was due to the unnatural conditions 
introduced by the war. Similarly the action of the British Govern¬ 
ment in fixing the price of tungsten-ore at 55 shillings per unit has 
resulted in a proportionate increase in value of the output of 
wolfram. Another mineral of which the output was affected by 
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the war is mica, the trade in which was reduced by the restriction 
of exports to Britisli countries and to a few neutrals. The export of 
zinc-ore also has practically ceased; in ju'cvious years the zinc 
concentrates from tlie Bawdwiu mines had been sent to Germany 
and Belgium for reduction. The dilliculiy of obtaining graphite 
has caused a slight revival of attempts to work the deposits known 
to occur in the province of Bihar and Orissa. A small quantity 
of the material was extracted towards the (uid of the year under 
review ; it is hoped that this will lead to a further revival of the 
industry. The garnet industry of Itajputana has boon completely 
suspended, owing to the absence of demand for ('-heap stones of that 
des(;ription. 

The number of licenses and leases granted during the year 
amounted to as against JJGIl in the preccd- 
Mineral concc.'idon9 jjig year; '1(1 of these*, were mining leases and 
2G1 prospecting licenses. 


granted. 
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II.—MINERALS OF GROUP I. 

Chromite. Iron-orc. Manganese-uro. Platinum. 

Coal. Jaduito. Mica. Buby, Sapphire 

Diamonds. Load-ore. MonaKite. and SpineL 

Gold. Magnesite. Petroleum. Salt. 

Graphite. 

Chromite. 

There was a fall amounting to 36 per cent: in the output of 
chromite in the year 1915 as compared with that of the previous year. 
The industry, however, has never been more than an insignificant 
one and owing to the difficulty of access, and distance of the mines 
from the sea-board, the production has always been very sensitive 
to any fluctuation in the market price of the ore. The chief pro¬ 
ducing countries during recent years have been New Caledonia, 
Khodesia and Russia, the two former, however, largely preptmder- 
ating, while the Indian contribution to the v'orld’s output is only 
about 2 per cent, of the total. During the j)ast year shipments have 
been dependent on the cost of freight, and prices of chromite in 
the open market have been artificial and considerably higher than 
in normal times. There was a falling-off in the output both in 
Baluchistan and Mysore, but a slight increjise in the Singh- 
bhum district of Bihar and Orissa; the last-named locality has 
only become a producer within the last few years and conditions 
have not hitherto been sufficiently promising to encourage very 
energetic development. The only property that has been syste¬ 
matically exploited is in the hands of Messrs. Rae and Co., of Calcutta, 
to whom I am indebted for the information that they are at present 
(July, 1916) turning out about 200 tons per mensem, carrying 
from 48-79 to 51 -20 per cent. Crg O3. The chromite occurs in ser¬ 
pentine, in layers varying from 1" to 12" in thickness ; the layers, 
however, are very capricious both in size and in their manner of 
distribution. It has not been found possible to work profitably 
ore lying at a depth of more than 35 feet below the surface, since 
the ore-bodies are too small to repay the cost of much dead-work. 

It is not likely that all the chromite deposits of Singhbhura 
have yet been discovered and it is possible that more promising 
ore-bodies will be found in the course of further prospecting opera¬ 
tions. Ro far, however, there are no indications that India is likely 
to be a big chromite producer in the future. 


Saltpetre. 

Silver. 

Tin-ore. 

Tungflteii-ore. 

Zinc-orc 
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Table 2.—Quantity aid valm of Chromite pmhieed in India during 

1914 and 1915. 



11)14. 


1915. 



Quantity. i 

1 

Value. 

(Quantity [ 

Value. 


i 

Tons. i 

1 

£ 

Tons. 1 

£ 

Baluchistan . 


i,or)2 

1 2,ir>i ; 

2,161 

Bihar and Orissa 

j 

;ii>i 

5i)r> 

282 

Mysore 

! 

i, 2 r »8 

' 1.041 

1 

1,088 

Total 

5,888 ; 

2.011 

3,767 i 

! 1 

:t,531 


Coal. 

The anomaly of a considerable increase in output accompanied 
by a decrease in the value of the outi)ut has ab'oady been referred to. 
It will be seen from table 1 that the output of 11)15 showed an increase 
amounting to between six .and seven hundred thousand tons over 
that of 1914 ; the considerable increase in the output combined with 
the lack of sea-borne transport resulted in a considerable fall in the 
pit’s mouth value in the chief producing areas, the price falling in 
the Bengal fields from Ks. 3-1.‘MO per ton in 1014 to Ks. 3-G-2 in 
1915, and in Bihar and Orissa from lis. 3-3-4 to Ks. 2-15-6. 


Table 3. —Average frice {per ton) of Coal extracted from the Mines 
in each province daring the year 1914. 


Province. 


Average price per ton. 


Us. A. e. 


Assam .... 
Baluchistan . 

Bengal .... 
Bihar and Orissa 
Burma .... 
Central India 
Central Provinces . 
Hyderabad 

Horth-West Frontier Province 
Punjab .... 
Bajputaiia 


. 

6 16 

6 


0 11 

» 


:i 6 

2 


2 15 

(> 

, 

6 U 

0 


2 0 

0 


4 4 

6 


6 0 

0 


5 0 

0 


.5 6 

11 

• 

3 15 

2 
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Table 4. —Origin of Indian Coed raised during 1914 and 1915. 


— 



Average of 
fast five 
years. 

i 

1914. 

.i 

1 

1916. 

Condwana Coalfields 


■ • • 

Tons. 

14,023,:i2fi 

TonSk 

16,039,261 

1 Tons. 

16,873,237 

Tertiary Coalfields 

. 

• • • 

404,982 

425,002 

430,695 

1 



Total 


16,464,263 

17,103,932 


As might have been expected the imports of coal wore insigni¬ 
ficant, amounting only to a little over 175,000 tons. iilxj>oi‘ts from 
Bengal to Ceylon rose considerably, wliilc those by sea to Indian ports 
fell from the normal figure of over 2,000,000 tons to a little over 
1 , 000 , 000 . 


Table 5. —Exports of Indian Coal. 



1914. 

1916. 


Quantity 

Va'uo. 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

Ceylon .... 

340,289 

203,810 

554.885 

343,202 

Straits Settlements (including 
Labuan). 

111,024 

61,230 

99,363 

55,475 

Sumatra , • 

83,698 

47,838 

64,263 

38,688 

Other Countries . 

42,933 

20,737 

33,290 

21,505 

Total 

577,944 

330,61S 

751,801 

458,870 

Coke . ... 

1,802 

1,509 

1,241 

1,327 

Total of coal and coke 

579,746 

341,124 

753,042 

460,197 
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Table Q.—Imports of Cod, Coke and Palerd Fud durkiq 1914 and 

1015. 



1914. 

1915. 


Quantity. 

Value. 

Quantity. 

Value. 


I'eriB. 

t 

Tons. 

£ 

AuHtralia (including Ni-w 
Zealand) 


3(i.r)4:{ 

28,1 (to 

35.9.58 

Jiijjfcin ■ • • • 

.{2.232 

33.427 

I8.0(>9 

20,.533 

• • • ■ - ' 

1 

1 39.140 

47.00(i 

1.5,292 

10.437 

Kiist A^'ica . 

08,742 

09,0.70 

52.312 

01,519 

Trunuvaul .... 

10,3.05 

.53..5(iO 

20,448 

29,224 

United Kingdom . 

10(1,803 

229,100 

30,149 

45,948 

Oilier (Juuutrius 

39,(il2 

49,805 

3,075 

3,303 

Total 

400,363 

r,w,:i7i 

173,451 

272,922 

Ooko ..... 

12,729 

28,21() 

10,241 

29,221 

Patent Fuel .... 

5,000 

0,110 

0,902 

11,007 

Govonuiient Stureu . . 

i 

83,904 

1 

12.379 

30,035 

Total 

473,496 

1 

j Chl'i'/tOH 

203,033 

2S2.7Sr, 


The relative proportions of the output contributed by the 
Jharia and the Kani^anj lields rcspc-ctively were slij^htly different 
to that of recent years, the outjmt of the Jharia field having fallen 
slightly in 1915, whereas that of llaniganj rose by over \ million 
tons ; the respective percentages of the total output of India as 
regards these two coalfields were Jharia, 53*44, and Raniganj, 
32*07 in 1915 as against 56*55 and 30*04 per cent, in the preceding 
year. 
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Table 7. —Provincial Production of Coal during the years 1914. and 1915 ^ 


Province. 

1914. 

191.'>. 

Increase. 

Decrease. 


Tons. 

Tons, 

Tons. 

Tuns. 

AKsnm .... 

30.^1,100 

311,290 

0,130 


Baluchistan .... 

48.234 

43,(i07 


4,027 

Bcnj'al .... 

4,42-<,r..'j7 

4,97.'..400 

.'>.'>0,903 


Bihar and Orissa . 

10,««1,0«2 

10,718,1 r>.'> 

57,093 


Burma .... 


2.') 

25 

• 

('entral India 

ir.2.90() 

1.39,080 


13,220 

(Vnlral Provinces . 

244,74.'» 

2.''..3.1I8 

8,373 

a a 

Hyderabad 

.'>,W,991 

.'>80,824 

30,833 

a 

North-West Kroulicr Province 

94 

00 


34 

I’uiijab .... 

.'>4.303 

.''.7,911 

3,(>08 

a a 

Kajputana (IMkaner) 

I7.2II 

17,790 

1 

585 


Total 

16,464.263 

1 17,103,932 

fibr/KiG 

17,8S7 

Table 8. — Output of the Gondwann C 

oal/icldfi for the year 1914 and 1915 


1914. 

191.5. 

Ooalfjehls. 


Per cent. 


Per cent. 


Tons. 

of Indian 

Tons. 

of Indian 



'D.tal. 


Total. 

Bnujal, Hihur nvd Orissa — 





Dalton^nnj 

8I,(>80 

■.'>0 

85,785 

■50 

Oiridih .... 

82.'>,02(} 

r.-oi 

872,047 

.510 

•lainti .... 



40.730 

■24 

.Iliaria .... 

9,14(i,(i.'>3 


9,140,800 

5344 

Bokaro-Ramfrarh . 
Rajinahal 

10,920 

8,11.''. 

j ■J.'> 

10,232 

■00 

Kaiii^anj 

4.94«,29.'» 

.30()4 

5,484,59(i 

32 07 

Sambalj)ur (Hiii<>ir- 

00,883 

■37 

.58,825 

■34 

Rain])ur). 

Darjeeliiif' District (non- 

17 




act). 





Ventral [wlia — 





Uniaria 

1.''.2.900 

•93 

1.39,080 

•82 

Central Provinces — 





Ballarjnir 

89,292 

•.''.4 

94,880 

•50 

l*ench valley . 

95,079 

•.''.8 

103,152 

•00 

Moh|»ani 

r.9,774 

•37 

55,080 

•32 

Hyderabad — 





Bitigareni 

5.'>.'>,991 

3-.38 ! 

580,824 

343 

Total 

16,039,261 

97-42 

16,673,237 

97-48 
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Table Q.-Outpid of Tertiary Coalfuthh for the years 1914 and 1915. 


CoalfinUlH. 


Ansam — 

Makiim . . . . 

Naga Hilia 

Khasi and Jaintia Hills . 
iialuchi/iluti — 

Kliost . . . . 

S<»r Range, Maeli, ete. 
Burma — 

liliaiiio . . . . 

Borth-Weut Frontier Fro- 
rfrtre — 

Punjab — 

Jhelnm . . . . 

Mianwali 
Nhalipur 
Bajpuiana — 
bikaiior 

Total 


1914. 


1916. 


Tons. 


30:i,K90 

778 

492 

:iu.r).'.7 

8,1577 


Per cent. | 
of Indian ! 
'J't>tal. 


Tons. 


94 


45.8(57 

1,557 

«,879 

17,211 

425,002 




1-8G 


■24 

•05 


•33 


r 908.071 




2,872 

353 

35,782 

7.825 

25 

150 


Per cen t. 
of Indian 
Total. 


•10 


51,(513 

2,029 

4,2(59 


17,79(5 
2‘58 j 430,695 


1-82 


•21 

•05 


•34 


•10 


2*52 


There was a steady rise in the total miinber of persons employed 
in the industry, this now ainoontiri”; to 100,080 ; the output per 
person employed, however, was again less than in the preceding 
year, having fallen from 108-70 tons in 1914 to 106-84 tons in the 
year under review. There were altogether 178 fatal accidents, the 
death-rate being 1-11 per thousand persons employed. 
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Table 10. — Average number of 'persons miployed daily in the Indian 
Coalfields during 1914 and 1915. 





Output 

Number 

Death rate 


Number of persons om- 

of deaths 

per 1,000 

Proviuoe. 

ployed daily. 

per person 
employed. 

by acci¬ 
dents. 

persons 

employed. 


1914. 

1915. 

1915. 

1915. 

1915. 

Ausani 

2,888 

2.909 

107 01 

25 

8-59 

Balucliislan 

1,001 

903 

45-28 

3 

3-16 

Bengal 

38,882 

42,093 

118-20 

40 

1-09 

Biiiar and Orissa 

90,855 

95,292 

112-48 

83 

•87 

Burma 


10 

1-50 

, p 


Central India 

3,038 

2,884 

48-43 

1 

•35 

Centi-al i'rovincoa 

3,254 

3,184 

79-50 

3 

•94 

Byderahad 

10,141 

11,302 

51-92 

11 

•97 

North-West h’rtinticr 
Province. 

7 

1 ) 

0-07 

• • 

Brnm 

Punjab 

1,101 

1,273 

45-49 

6 

4-71 

liajputana (Bikaner) . 

149 

101 



• • 

Total 

151,376 

160,056 

• • 

178 

• • 

Average 

« 

• • 


t06-61 

• • 

1-11 


Diafflonds. 

The clecliue in the output of diamonds still continued in 1915, 
and fell from 54-65 carats to 35-9.) carats, valued at £603. 

Table 11.— Quantity and Value of Diamonds 'produced in India 

during 1914 and 1915. 



1914. 

1915. 


Quantity. 

Value. 

L 

; Quantity. 

Value. 


Carats. 

£ 

Carats. 

£ 

Central India . . . 

64-65 

791 

35-90 

1 

603 

Total 

54*65 

791 

35*99 

6o;: 



















Part 3.] ' Hayden: Mmeral Pro(Juriion, 19U, 165 

Gold. 

There was a still further increase in the output of gold during 
the year under review ; the output of the Kolar fields increased by 
over 8,000 ozs. and that of Aiiaiitapiir by about 4,000. There was, 
however, a decline of between 3,000 and 4,0 00 ozs. in Hyderabad. 


Table n.—C^uantity awl Valm of Gold jyrodmed in India dwinq 

1914 and 191 !i. 



1914. 

1915. 


— 

I 

- 



Labour. 


Quantity, j 

Value. 

(Quantity. 

Value. 



Ozs. 

£ 

' 

Ozs. 

i: 


liihar and Ortnm — 






Singliblium . 

. . t 


4.'i0 

1,800 

i;i8 

Burma — 






Myitkyina . 


l.'koor) 

3,ior)S;{ 

11,91.1 

"1 

Katha . 


G7 

Ui-99 

91 

1 

Upper Chindwiii . 

4rifl0 

2(>S 

.^0-25 

295 

y 213 

Shwebo 

lo-.fir. 


7:n 

;i» 

1 

Salween 

. . 

, , 

1-20 


j 

Hjlderabad . 

21,200 

SO,479 

l7,S(}9-7 

fi8,.1.‘{8 

1,.522 

Madras 

! 10.S7:’. 

s2,or.'.) 

29,870 

I0i;{24 

2,025 

Mi/ttfyre, 

1 

2.ir»0,(K»4 

571,199 

2,185,409 

27,(M)8 

Punjab 

2100S 

1)1)^ 

1 U)-.59 

(tot 

.‘125 

Ihiiied Proviurru . 

I 

21 

I'M 

:ti 

2H 

Total 

607,388-07 


616,728-24 

j 

31,257 


Graphite. 

It is pleasing to be able to replace graphite among tho minerals 
produced in India. Since the closing down of the Travancore mines, 
attention has been paid to the graphite of Bihar and Orissa and 
of llajputana. As a rule, however, the material won is impure and 
reejuires special treatment; at present the industry is only in its 
infancy. The total output of the year was 54 tons in Merwara 
(Rajputana) valued at £147 and 16 tons in Kalahandi (Bihar and 
Orissa) valued at £11. 

Iron. 

There was a considerable decline in the output of iron-ore which 
fell from a little under 442,000 tons in 1911 to about 390,000 in the 
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year under review. The amount of pig-iron produced during the 
year by the Tata Iron and Steel Company, Limited, was 154,509 tons 
and by the Bengal Iron and Steel Company, Limited, 87,285 tons. 
The former company produced also 76,355 tons of steel including 
16,817 tons of steel rails, whilst the latter company produced 25,634 
tons of cast iron castings. 

In October, 1915, one of the Tata Iron and Steel Co.’s blast 
furnaces was put on ferro-mangancse and 2,658 tons of that alloy 
were produced by the end of the year. The average composition of 
the ferro-manganese was 65 to 75 per cent, manganese, *6 to ’8 per cent, 
phosphorus and ’6 to 2 per cent, silicon^. 


Table 13. —Quantity and Value of Iron-ore produced in India during 

1914 ami 1915. 




1914. 

191.1. 



Quantity. 

Value. 

Quantity. 

Value. 



'I’nllS. 

£ 

Tons. 

£■ 

Jicttfldl — 

Hurdwan 

• 

1,204 

171 

2.243 

370 

Bihar and Orinm — 






Minghblium 


l.'i 1.002:1 

i.^i,08:i 

127.040 

1(>,2.13 

Orissa . 


249, 

10.074 

240.;82l-8 

I0.<i;{2 

Other districts 


017 

27M 

380 

103 

Bowhatj 

Burma 


•7r> 

I9,1K2 

3.19.1 

1.1,520 

4,140 

Ccniral India 


320 5 

.19 

, , 


CetUrnl Provhir.es , 


18,402 

3,198 

4,747 

980 

U niled Provinces . 


21-7 

7 

0-7 

2 

Total 


441,674-25 

40,0fiii 

390,270-S 

3I,.SS(i 


Jadeite. 

There is nothing further to record about the jadeite industry; 
the decline noticed in previous years still continues while the figures 
returned for exports also continue to be greater than those for pro¬ 
duction. The former figures therefore are adopted as more likely' 
to indicate the true condition of the industry. 


Information furnishfid by the Company. 
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Table 14. Quantity ami Value of Jadeite qtroduced in Burma durinq 

VJli and 7015. 



1014. 

I'JIS. 


1 

Quantity. 

Vahio. 

Quantity. 

Value. 


(’wt. 

r 

dwt. 

£ 

Myitkyina 

:i,7li4-7ri 

IS.filli 

:j,<i«:J-75 

12,<I78 

Table \h- Export 

of JufUiile hy Seu durimj lOI / and J0I5. 


I!)14. 

ifil.'). 


Quantity. 

Vahio, 

Quantity. 

Value. 


1 

j (;wt. 

r 

1 (!»<■■ 

£ 

Burma .... 

1 2M\) 

1 

4(»,(M)2 

; ri.(K)l 

,S2,()70 


Lead. 

The oiitput of the liuwdwin mines niiiintained the steady increase 
recorded last year, the ore and slajf simdted hoinji over 42,000 tons 
and representing^ an increase of nearly 0,000 tons over the output of 
the preecdinj? year, Owin«f to the rise in the })ric.e of lead the value 
of the output was considerably hi'fher than it would have been in 
normal times. 1 am indebted to the Kesident ]Vlana;j;er, Jhirma 
Mines, limited, for a considerable amount of information as to the 
present development of the mines. The total prodmstion of the 
metal duritiff 1915 amounte<l to 13,522 tons of hard lead, of 
which 6,947 tons wore refined and sold in the Eastern markets and 
6,575 tons, containing'281,875 ozs. of silver, were shipped to Enfijland 
to be refined,* Extensive concentration tests have been carried 
out on the ore- The roastiiif' plant, which consists of three roasters 
in operation and two under construction will, when completed, 
have a daily capacity of 150 to 200 tons of ore. It has not yet 
been found practicable to produce fine silver on the spot, but retort 
furnaces and a cupelling furnace have been built with a view tt> 

’ The output for tlu* first f<*w months of (In* your lt)Hi iiniieatus that tlm year’s 
production will bo coiisiclorably hiKhor than that of l>'s|. year anti the. Resident 
Manager states that tho daily prodiiolion “ at prosonu ” (.luiio, llllfi) is at the rate of 
over SO toQS of load uontaiiiing from throe to four thousand ounct« of silver. 
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future refining. Practically no zinc concentrates were exported during 
the year {infra, page 168). 

The amount of lead-ore produced otherwise than at Bawd win 
during the past year was insignificant, being 28 tons from the 
Southern Shan States and 7 tons from the Drug district of the Central 
Provinces. 


Table 16.— Prodvclion of Silv&r-had ore during 1914 and 1915. 



1914. 

1915. 

— 

Quantity. 

Value. 

(Jliiantity. 

Value. 


Lead-ore 
and slag. 

Load-ore 
and lead. 

Silver. 

Lead-ore 
and shag. 

Lead-ore 
and lead. ^ 

Silver. 


I’ons. 

£ 

£ 

Tons. 

£ 

£ 

Burma — 

Northern Shan 
States. 

1 

1 

(■ 8,769 ■) 

1 (ore) f 

J 24,901 i 
|V (slag) ' 

1 

1 

j 

i 

1 

1 

j 27,946(0) 

l74,9.99(/d 

i 

1 

! 

i 

13.099 f 

19.857 

J 

1 

1 

j 1 

4,094 ^ 

(ore) 

:»2.594 
(slag) ^ 
.5.620 
(go,ssan 
Ilux) J 

36,.301{d) 

273,067(r) 

6,709 (/) 

8,540 

20,258 

2.301 

Southern Shan 
States. 

1 

i 12 

1 

i 

92 


28 

75 


Oen'ra! Prn- 
viners — 

1 






Drug . 

:i-25 

19 


7 

90 

•• 

Total . 

33,685*25 

202,s;i0 

20,S96{e.) 

42,283 

3ir,,].S2 

31,0f)9{ff) 


{a) Value of 1,426 tons of lead extracted. 
{fj) Value of U,I22 tons of lead extracted, 
(fi) Valiu* of 296,446 ozs. of silver extracted, 
(d) Value of 1,55.9 tons of lead extracted, 
(f) Value of 11,682 tons of leiul extracted. 
{/) Value of 287 tons of lead extracted. 

Value of 284,875 ozs. of f^lver extracted. 
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Magnesite. 

There was a considorablo increase in the production of magnesite 
in the Salem district, the outturn being 7,450 tons valued at £3,973 
as against 399 tons in the preceding year. During 1915, however, 
none was produced in Mysore. 


Manganese. 

Manganese was one of the minerals whicli were largely affected 
by the war, the exports being restricted almost (^ntil■ely to consign¬ 
ments to the United Kingdom, with a compaiatively small quantity 
to the United States ; the <(nautity exported fell from about 538,000 
tons in 1914 to less than 420,000 tons in tin*, year under review. 
The latter figure again is only a little more than half the quantity 
exported in the year 1913. This naturally resulted in a considerable 
decrease in the production of ore which fell from a little under 
1)83,000 tons in 1914 to a little over 450,000 tons, a decrease of 34 
per cent. It is impossible to estimate accurately the value of this 
outturn since the price of the ore at the present time is i)urely arti¬ 
ficial and depends to a great extent on the cost of freight; at the 
prices which have prevailed during the year, the value, based on the 
usual methods of calculation, would amount to £929,516, which, 
however, is not the true value of the material extracted, but is deduced 
from the value of only so much of the outturn as was actually 
exported during the y«ir. If the conditions which prevailed during 
the year 1915 were to coiitiixuc for a considerable period, the above 
figures would no doubt fairly represent the true value of the output, 
but if the stringency in the matter of markets and of freights were 
to be relieved, the value of the material produced, but not yet ex¬ 
ported, would naturally be considerably reduced. There are no 
means therefore of estimating more accurately the value of the 
year’s output; but it is considered desirable to draw attention to the 
anomaly of a heavy fall in the quantity produced accompanied 
by an apparent rise in the value of the total production, an 
anomaly which is due to the artificial state of tnc manganese 
market. 


C 



\60 Records of the Geological Survey of India. [VoL. XLVII. 

Table 17 .—Quantity and Value of Manganese-ore 'produced in India 

during 1914 and 1915. 



1014. 

1915. 


Quantity. 

Value 
f. o. 1). at 
Indian 
ports. 

Quantity. 

Value 

f. o. b. at 
Indian 
porta. 


Tons. 

£ 

Tons. 

£ 

Bihar and Orinsa — 

Singhl)huni 

Ciaug}iur 

’ 0.070 

7,613 

507 

1 

993 

Bombay — 

Ohota UdepiiT 

I’.ancli Moftala 

7.735 

19,488 

9,701 

24,441 

26,915 

62,709 

Centra} India — 

Jhabiia .... 

0,042 

6,144 

300 

658 

Central Provinces — 

Balagliai 

Bhandara 

Clihindwnra . 

Nagpur 

Jabalpur 

221.iri9 
S2.0.'i.'> 
87,114 
174,.502 

296,722 

110.090 

110.878 
234,204 

180,009 

78.027 

46,941 

93.027 

11 

374,189 

100,427 

99,358 

190,907 

l'3 

Madras — 

Sanditr .... 
Vizagapatain . 

33.043 

20,375 

29,858 

23,408 

288 

41S 

M ysorc .... 

18,0.55 

18,205 

23,125 

37,904 

Total 

682,898 

877,264 

450,416 

929MC, 


Mica. 

Like that of manganeae, the mica industry was also affected by 
the war, exports to countries other than the United Kingdom beiiijc 
very largely restricted. This resulted in a decrease of over 30 per 
cent, in production ; there was also a corresponding decrease in ilie 
amount exported which fell from over 2,000 tons in 1914 to a little 
over 1,500 tons in the year under review. 
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Table 18 .—Quantity and Value of Mica jrroduced in India during 

1914 and 1915. 


Bihar and Oriafia 
Madras 

Mysore 


Total 


1914. 

1915. 

Qnanl'ity. 

Valuo. 

Q.iinntitiy. 

Value. 

Cwt. 

£ 

Cwt. 

& 

:t3.27r, 

49,799 

22,195 

49,989 

rt.fmTi 

:19,14() 

:i,894 

1 20,728 

1,192 1 

4,998 

],(H2 

3,398 

r,o 

189 

8-7 

33 

40,506-6 

as.om 

27,139-7 

74,139 


Monazite. 

There was a small decmiso, from 1,135-05 tons valnod at £41,411 
in 1014 to 1,107-9 tons valued at £33,283 in the year under rcviovv 
in the output ol monazite from Travoucore ami the imlustry 
was cousidcmbly disorganise,I by the war. Knemy invests ,n the 
eon,puny working the monazite sands were found to he eonaideiahle ; 
hut these have'now been .•lin.inated, and the imlu.'.lry has been 
placed on a satisfactory basis, 

Petroleum. 

The output of petroleum i„e.easo,l by newly W> million gallo™, 
from a little under 2fi0 million gallons m tlie year Ult to a little 

over 28 , million in the y.r ^ 

durins 1915 was over Ij mdliou pounds stuniip,. 

was in the Yenangyaung '’f’■ -;;;7;'::;Sl,rint tIm de^p 
milhon gallons. Wells eontmue to be (.irricu ,i t 

sands, which are still found to be prodnenve. a 

three thousand feet, and there is no iml,eat,on yet as to the hnutmg 

depth at which oil will be found in this le < . „,inion jiallons 

There was also on increase, amounting to eve ^ inillioii 

in the output of the Singu field and an increase f J i a 
gallons in Minbll. The recent discovery of . ^,t j,,, 

siderable depth on the southern extension of « “ 
led to a considerable revval of interest .n the aij 

c2 
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For the first time the returns from the Punjab include an appre¬ 
ciable amount of petroleum; this is from the newly discovered 
field at Khaur, where borings are being put down by the Attock 
Oil Company ; the output during 1915 is returned at \ million gallons. 


Table 19. —Quantity and Value of Petroleum produced in India during 

. 19U and 1915. 



1014. 

1915. 


Quantity. 

Value. 

1 

Quantity. 

Value. 

Burma — 

CbalioiiK. 

£ 

(jalluuH. 

£ 

Akyab .... 

12,!»48 

240 

12,045 

231 

Kyaukpyu 

25,087 1 

777 

2:1,220 

71(5 

Magwe (Ycnaiigyatiiig) . 

174,081,700 

(57;i,525 

I08,800,;il5 

7(55,240 

Myingyan (Singu) . 

75,400,518 

211,(508 

77,(K)5,880 

448,.307 

i’akokku (Yisnaugyat) 

1,510,(585 i 

1(5,720 

4,000,:i45 

1.5,.525 

Minbu .... 

1,«8.‘{,100 

7,01;5 

2,:j 1(5,207 

9,051 

Tliayctinyo . 

22,8;«5 

05 

25,020 

108 

Assam — 





Digboi (Lakbimj)ur) 

4,(>88,.547 

15,4(50 

4,5.50,150 

1.5,()(»9 

Punjab — 





Attock .... 



250,000 

2.000 

Mianwali 

1,2(M» 

i:i 

1,404 

1(5 

Total . 

259,342.710 

95S,m 

287,093,576 

j, 2 r,(i,so:t 


Imports of kerosene during the year under review were con¬ 
siderably less than in the preceding year, the total quantity imported 
falling from nearly 84 million gallons to a little over 68 million gallons. 
The greater part of the decrease was in the imports from Borneo, 
but imports from Persia fell by nearly 2 million gallons, and from 
the United States by about 3^ million gallons. There was a small 
rise in the quantity of paraffin wax exported- 
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Table ^^.—Imforls of Kerosene Oil during 1914 and 1915. 



1914. 

1915. 


Quantity. 

Value. 

Quantity. 

Value. 


Gallons. 

£ 

Gallons. 

£ 

Frotn^— 

20,990,942 




Borneo . . . • 

001,243 

17,801,.5(K) 

i 451,258 

Persia .... 

2,705,085 

81.237 

783!009 

23,490 

Ktissia .... 

1.001,870 

43.002 



Straits Settlements (in- 





cliwling Labium) . 

5,55,'J,208 

147.183 

0,1.50,330 

101.489 

United States of America 

40,931.041 

1,328,3.52 

43,371,105 

1,320,929 

Other countries 

428 

15 

420 

47 

Total 

1 ■■ 

j 83,879,534 

i 

1 


68,173,090 

IM’VJIS 


Table 21. —Mxjml of Paraffin Wax from India during 1914 

and 1915. 


11)14. 11)15. 


1 

Quantity, j 

1 

Value. 

(Quantity. 

Value, 


(;wt. 

£ 

Cwt. 

£ 

I'o- 

United Kingdom 

9.5.210 

144,171 

1.53,207 

221,974 

China .... 

09,775 

91,255 

40,.551 

.57,.5.5I 

ilafian .... 

58,3.5.5 

8S,o()(l 

.57,5(M) 

87.20t) 

Other countries 

I3'.).33(i 

207,808 

120,983 

192,203 

Total 

362,676 

5/;/,; JO 

384,301 

rtSs.yy? 


Platinum. 

Every year a small amount of platinum fifiiiios in the returns of 
the precious metals won by the Purina (lold Dretlj^in^ Oonipany at 
Myitkyina ; it never amounts to more than a few ounces, the lifj;ure8 
for 1915 being 17-7 ounces valued at £100. 

Ruby, Sapphire and Spinel. 

There was a decrease of about 50,(K)0 carats in the output of the 
Burma Ruby Mines, which fell from a little under 305,000 carats 
valued at £43,000 to a little over 251,(>00 carats valued at £30,300, 
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Table 22. —Quantity and Value of Ruby^ Sapphire and Spmel pro¬ 
duced in India during 1914 and 1915. 



1914. 

1915. 


Quantity. 

Value. 

Quantity. 

Value. 

Burma — 



1 


Moguk . .* . 

193,333 

40,781 

107,904 I 

34,881 


(Rubies) 


(Rubios) 


Do. .... 

60,709 i 

2.062 

39,718 

1,270 


(Sapnbirus) i 

1 

(SaTiphires) 


] )o. . 

64,830 i 

300 

43,827 

141 


(KpinclB) 

1 


(Spinels) 


Total 

304,872 

■13,133 

251,449 

30,293 


Salt. 

There was an increase of nearly 30 per cent, in the amount of salt 
produced in India durinj; the year 1015 as compared with the pre¬ 
ceding year, the total production, including that of rock-salt, 
amounted to a little less than I / million tons valued at £()()(),{)()(). 
The imports fell from a little over 5(52,000 tons to nearly 520,000 
tons, but there was a considerable rise in the value of the im])ort 
owing to the artificial conditions introduced by the war. 


Table 23 .—Quantity and Value of Sail produced in India during 

1914 and 1915. 



1914. 

1915. 


(juautiiy. 

Value. 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

Aden. 

144,403 

57,030 

352,232 

47,838 

Bengal..... 

0 

2 

(a) 

• • 

Bum bay and Sind 

480,898 

113,463 

624,257 

129,180 

Burma. .... 

21,622 

75,636 

28,521 

108,870 

Ciwulior State 

99 

271 

127 

347 

Kaslimir .... 

73 

55 

30-7 

27 

Madras .... 

298,802 

11.5,494 

346,714 

209,897 

Northern India 

396,302 

120,842 

494,034 

104,095 

Total 

1,348,225 


1,745,521*7 

660,254 


(a) Quantity of ualt educed was 24| maiuids (iicaily 1 tou) valued at Ba. 9-3-0. 
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Table 24. Quantity and Value, of Rod-. Salt inoduced in India durina 

1914 and 1915. 



1914. 

1916. 


i 

Quantity. 

Vahus, 

1 Quantity. 

Value. 

Salt RanRP .... 

I'cnH. 

ISiS/dO 

£ 

JlMl.T 

i ™ 

Tons. 

ir>4,772 

£ 

2(>.332 

Kohat .... 

18,2:{9 

1,SI0 

2l,:iS7 

2,123 

4,327 

Mandi ..... 

2,792 



Total 

156,550 


1 

179,792 



Table —Quantity and Value of lialt imparted into India during 

1914 and 1915. 





Quantity. 

V'aiiie. 

liJiiiintity. 

Value. 


'runs 


Tuns 

t 

Aden and Dependencies 

J.53.92S 

I4(i,700 

l02,2S(i 

lOK.OOu 

i^sypt. 

!I3.(>I.‘> 

101,003 

12r..l23 

221,218 

Clcrniany .... 

;i.'i.0l 1 

4!i, 1T4 

(u)>.<l20 

021) 

S[>ain ..... 

(iS.IJO 

li4,J 10 

J02,2S(i 

l.•)2,73l) 

I’lirkcy, Asiatic 

112,2.').') 

(;o,soii 

. . 

2 

United Kingdom . 

103,017 

104..30.') 

I3I,0IS 

138.478 

Other countries 

4r.,r>oo 

42.200 

.">7.700 

.")2,()I7 

Total 

562,448 

fino.n.tT 

519.523 



(«) From |)i i/o i'arg<H‘.s. 


Saltpetre. 

The demand £or saltpetre for the ituiJinfaetiirc of explosives has 
given a considerable impetus to tlie indigenous itidustry ; the effect 
of this is seen in the increased exports duri/ig the year 1015 which were 
46 per cent, higher than those of the preceding year; about 70 per 
cent, of the quantity expojted went to tlic United Kingdom. 
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Table 26 .—Quantity and Valm of SaUfetre froduced in India during 

1914 and 1915. 



1914. 

1915. 


Quantity. 

Value. 

Quantity, 

Value. 


Tons. 

£ 

Tons. 

£ 

Bihar. 

4,89H 

70,940 

5,073 

113,147 

Bombay (Cutoh) . 

1 

11 

• • 


North-WeBt Fr<»ntier Province 

2-2 

r>i 



Punjab .... 

3,.^i2() 




Bajputana .... 

40.'>-l) 




Unitcxl Provinces . 

0,904 

117,818 



Total 

15,489*1 

272,402 


070,sot 

Table 27.-- Distribution 

of Saltpetre 

exported during 1914 and 1915. 


1914. 

1915. 


Quantity. 

Value. 

(Quantity. 

Value. 


(Vt. 

£ 

Cwt. 

€ 

Ceylon .... 

44,()8.'» 

28,074 

.57.221 

45,393 

('hina ..... 

49.200 

40.30r> 

31,092 

27,33.5 

Mauritius and Dependencies . 

23,400 

17,778 

1.5,140 

13,408 

United Kingdom . 

127.930 

112,924 

290,100 

315 372 

United States of America 

19,103 

l.O.OOO 



Other countries 

21,3(K) 

19,987 

18,443 

20.870 

Total 

285,156 

20 i,704 

418,608 

422,0S4 


Silver. 

Although no silver ores are worked in India a certain amount 
of that metal is obtained as a by-product in the extraction of lead at 
Bawdwin, and of gold at Anantapur, where the Jibutil Gold Mines 
of Anantapur, Limited, won 512 ozs, during the year under review. 
As already stated above (page 157) the Burma Mines, Limited, 
exported during the year argentiferous lead bullion containing 
284,875 ozs. of silver. 
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Tin, 

There was a considerable increase in the amounts of block-tin 
and tin-ore extracted in Burma; the value of the output rose from 
£38,203 in 1914 to £54,980 in the year under review. The imports 
into India of unwrouf^ht tin fell by about 30 per cent, in 1915 as 
compared with the preceding year. 


Table 28. —Qiiantily awl Value of Tin and Tin-ore for the years J9J4 

ami 191!). 




nn4. 

1 

1 


1U15. 



liiiOCK Tin. 

Tiv-oaE. 

jn.o(’K 

\ 

Tr.N.’ 

Tin-ORE. 


(jiian- 

t-ity. 

Valin*. 

Quan-! 
lity. 1 

V'alui*. 

• Qiian- 
; tiiy. 

1 

Valiii*. 

1 

Qiian- 

Value. 


Cwt. 

. j 

1 

(%(. 1 

£ 

1 

! Cwt. 

! 

(^Wt. 

£ 

Jiihar nvfl Orism 
Hiizariltagh 

1 

ir. ' 

1 


! -7 

1 

(*• 



Jlurma — 

Morj'iii 

Sontlicrn Shau 

1,5M« 


i.sm 

2,7>)7 

i 

1 

1 

I 

, 20,r):» 

i •• 

1,7»>2-2.''> 

8.()7R 

24.H02 

Sta1.i‘a, 

1'av»y 


• 

7^7 

; :t.(i!Ui 

1 i\ 

1 

t 

1 

; ^ 

] 

2.'».-{ 

D.'iO 

Total 

1,964 


5,395 

1 

1 

! '2,554-8 

i 

1 

: 2n/iN 

; 8,629-15 



Table 29.' — Tni'porls of Tin aii'ivrov^hl {blocks, ivffols, luirs and slabs) 

into India diirituj 1914 and 1915. 


---- 

1!)U. 

191 

5. 


Oiianl ity. 

Value. 

Quantity. 

Value. 


Civt. 


Cwt. 

£ 

From— 

United Kingdom 

Straits Sell laments (iiwl'id- 

;tr.,:no 

•J0,8lWi 

3l2,:il8 

2,722 

27,014 

2.3,(570 

2:W,.'i24 

iiig [jahuan). 

Other Countries 

2r4 

l,9(i9 

46B 

3,883 

Total 

40,707 

1 

30,202 

252,077 
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Tungsten. 

The demand for wolfram for the manufacture of high-speed 
steel gave an impetus to the wolfram industry of Tavoy towards 
the latter part of the year under review ; and-as already pointed 
out in the General llepoit of the Geological Survey of India for the 
year 1915 published in this volume of the Records {supra, page 24),— 
Lps were taken by Government to increase the efficiency of the 
local mining methods; as those steps did not become effective until 
tlie latter part of the year, the result will be apparent in the returns 
for the following year rather than in those for the year under review. 
The output, however, for the year 1915 showed an increase of about 
13 per cent, over that of the preceding year, wlulc the value of the 
output rose from £178,543 to £296,772. The industry is gradually 
being placed on a sound and firm basis, and it is hoped that before 
long the annual outturn will be twice as great as it was before 

the war. 


Table SO.-Qmnlily and Value, o/ T«n,jatm-otc prddmed in Burma 

during 1914 und 1915. 




1916. 

— 

Quantity. 

Value. 

(Quantity. 

Value. 

-- 

Tons. 

£ 

Tons. 

£ 

Burtna — 

Morgui . 

Southern Shan Staten 
Tavoy . • • * 

Thaton . • • * 

1H4 

i:{8-4 

1,970(5 

17 

10,047 

8,99:5 

152,:5:5:5 

570 

292-.‘I 
:{:50-7 
2,0:i2-9 
49-4 

29,554 

24,802 

235,827 

0‘589 

Total 

2,326 


2,645*3 

m,77‘J 


Zinc. 

In the years 1913 and 1914 considerable amounts of zinc con- 
ccntrates were shipped to Belgium and Gerniauy for reduction; 
in 1915 only 196 tons were exported as against over 8,000 tons 
the preceding year. The question of the ultimate treatment of the 
Bawdwin eoncentrates is an important one for India, smee, should it 
be found feasible to erect sine smelteries in this eountry the 
produetion of large quantities of cheap sulphune acid should have 
a far-reaching effect on industrial development. 
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Alum. 


Amber. 


III.-—MINERALS OF GROUP II. 

Thore was a considorable rise in tlio aiiit)nut of u^sj^ato produced 
Agate. during the year iu Cambay, the quantity 

having increased from 101 tons valued at £175 
in the year 1914 to 508 tons valued at £1.019. 

Ihere was a fall in the amount of alum produced, the figures 
being 7,020 cwt. valued at i:i,:J9;i in 1915, 
as against 8,731 cwt. vahicd at £4,019 in the 
preceding year. 

The production of amber also fell slightly 
from 13 cwt. to 111 cwt., the value of the 
latter being £199. 

A small quantity, amounting to 13 tons, of stibnit^! was ])ro(Uice(l 
Antimony Amherst district of Ihirma ; the deposit, 

however, is said to b(“- small and of no parti¬ 
cular value. 

The amount of bauxite produced iu 1915 was 870 tons valiK^d 

„ , at £29. This was extracted cliielly by the Katui 

Bauxite. ■ . 

Cement and Industrial Coin])any Limited at 

Katni. Experijuents are in progress with a view to the manufacture 

of bauxite bricks from this material. 

A discovery of aquamarine in Kashmir resulted in the collection 
of 3\^ cwt. of stones of good quality and 
Aquamarine. considerable value, souk', beijig large, of excellent 

quality and of great beauty. 

The returns for building-stones and road-metal show a value of 
£204,052 for the year 1915 as against £218,879 
Building-stones. preceding year. As has been pointed out 

in previous reviews, however, these figures are only partial. 

The figures for clay are also very incomplete 
and show only an output of 04,1 ii9 tons valued 
at £3,834. 

There was a considerable increase in the amounf- of copper-ore 
produced during the year 1915 over the output 
of the preceding year ; the total production was 
nearly 9,000 tons valued at over £14,000. 


Clay. 


Copper. 
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Table 31. —Qmntity and Value of Copper-ore produced in India 

during 1914 and 191Sr. 



1014. 

1915. 


1 Quantity. 

Value. 

1 

Quantity. 

Value. 

Bihar and Orhsa — 

Tons. 

£ 

Tons. 

£ 

UinglLljluun 

4,400 

6,600 

8,010 

12,015 

Northern 8han KUtes 

924 

603(/>) 

875 

2,366 

United Provincoa (.Jhansi) 

(«) 

1 

• ♦ 

• • 

Total 

5,324 


8,885 

1 

]4,SS1 


(«) (Quantity produced wati only I*.*) qr. 

(b) Diininiulicd value was due to inui'uusod coat of sea freight and smelting charges in 
England. 


Corundum. 


There was a considerable fall in the amount of corundum pro¬ 
duced during the year 1915, the figures being 
l,2dG cwt. valued at £277 against 2,300 cwt. 
in the year 1914 valued at £447 ; most of the output came from 
Mysore. 

The garnet industry was almost enfirely suspended owing to the 
lack of demand for garnets, and the workings 
in the Kishengarh State, which during the 
year 1914 produced 464 cwt. of garnet valued at £4,333, were closed 
during the year under review. Similarly the working's in the Tin- 
nevelly district of the Madras J^residency, which produced over 
1,000 tons of garnet sand for abrasive purposes in the year 1914, 
produced nothing during tlie year under review. The total output 
for the year 1915 amounted only to 115 cwt. most of which was won 
in the Nizam’s Dominions. 


Qarnet. 


Gypsum. 


The amount of gypsum produced was almost 
exactly the same as in the preceding year, 
namely 22,563 tons valued at £979. 

There was a slight decrease in the amount of ochre produced, 
from 608 tons valued at £157 in 1914 to 476 
tons valued at £459 in the year under review. 
Practically the whole output came from Central India. 


Ochre. 










Table 32. —Production of Building Materials and Road Metal in India during the year 1915. 
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There was a slight rise in the quantity, and fall in the value, of 
steatite produced during the year under review, 
teatte. figures are given in table 33. 


Table 33 .—Quantity and Value of Steatite produced in India during 

1914 and 1915. 


j 

1914. 

1915. 


Quantity. 

Value. 

(jluantity. 

Value. 

Bilmr and Orixfia — 

Tons. 

£ 

1 

'J’oiw. 

£ 

Sin^hbhum 

(rt) 

400 

(O) 

.333 

MayurLhanj . 

(U» 

17.1 

,50 

133 

Central Pravivam — 


1 

1 



.Tubbulpore 

,'>02 

429 

329 

330 

Madras — 



1 


Bellary .... 

2r> 

17 

2S 

19 

Kiimool 

210 

1,570 


• • 

Nelloro . 

(>0 

715 

4.5*75 

407 

Salem . 



.529*4 

720 

United I'rorinres — 





llaroirpur 

120 

744 

95 

0.30 

Jhanai .... 

22 

92 

1 

• • 

1 

Total 

I 

999 


1.077*15 

2,578 


[a) Quantity not returned. . 







Pabt 3.] Hayden : Mineral Production, 1915. 173 

IV.—MINERAL CONCESSIONS GRANTED. 

Table 34 .—Statmterd of Mineral Coiuxssions granted during 1915. 

ASSAM. 


DI8THI0T. 

1 

1 

Qraniee. 

Mini‘r.al. 

NatuTP of 
grant. 

1 

-Aren 
in acros. 

Dntx* of 
(‘ommonce- 
nii>nt. 

Term. 

Ehaai and 
•liiintia 
BillB. 

(l) Mr. R. D. C'oggan . 

1 

1 

(inld iukI ri'ri.niii 
otluT allii'd 

tiiiiiiTals. 

l>. 1,. 

(l fill- Will). 

12,704 ! 

I 

Mill April, 
uiir>. 

1 year. 

1)0. . 

1 

(2) Do. 

'I'iii and woll'rnin . 

1 

1’. 1.. 
(rciM'Wiil). 

1 

12,701 

Do. 

Do. 

Do. 

(B) Do. 

<Jold, tin unil cit- 
tuiii utlicr iillici) 
iniiiPrala. 

1’. 1.. 
(I'ciipwal). 

.s.iwt 

Do. 

Do. 


BALUCHISTAN. 


Kalat 

(4) Sirdar DalmwnI 

Khan, Satikaai of Bu¬ 
lan. 


Si. 1,. 

811 

Jst .Inly, 

1915. 

30 years. 

Quetta 

(.A) Mian Mohammad 
lamail of Quetta. 

1>». 

j 

SI. h. 

lfiO-70 

Du. 

Do. 

Kill) . 

(0) W.r.riementfi, Eaq., 
of Shalirig. 

l>0 . . j 

I 

M i.. 

HO 

lal. .lann- 
ary, 1915. 

Do. 

Do, . 

(7) Khun Bahndnr 11. D. 
Patel, C.T.li. 

Do. . . ' 

M. 1,. 

81) 

Do. 

J/U. 

Kkob . 

(8) The Balnehistaii 

Alining Syndicate. 

C'ilTOinite . 

' SI. 1,. 

! 

8(1 

Do. 

Do. 

iM. . 

(U) Do. 

Do. 

! M. 1,. 

80 

Do. 

Do. 

Do. . , 

(10) Balncliiatan (lirome 
Coinpaiiy. 

Do. 

I M. r,. 

i 

SO 

i 

lat July, 

191!;. 

1)0. 


BENGAL. 


fliittagong 

(11) Messrs. Uumia Oil 1 Alinernioil . 

P. L. . 1 4,IM)0 

1st Sep- 

2 years. 


Oo., Ltd. ! 

1 

teiiiber, 1014. 



BIHAR AND ORISSA. 


Batarihagh 

(12) Babu Lakshnii No- 
rain Bukhanl. 

Mica . 

jmm 

M 

irith 

191.5. 

.fnly. 

1 year. 

fslorasii . 

(13) Bengal Coal Co., 
Ld. 

('oai . 

H 

Dl 

nth 

PJIS. 

1 

July, 

Do. 


P. L.*»Pr9*?>fdi«y JAcmse. SI. li,—Mitting Lean. 
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UisTRicrr. 

tirantcc. 

Mineral. 

Kature of 
grant. 

Anm 
in acroB. 

Date of 
coinmeneu- 
meut. 

Term. 

Snrobalpur. 

(14) Hingir Uatnpur Coal 
Miuiiig Oo., Doinbay. 

Coal 

M. L. 

720-2 

iHt Janu¬ 
ary, 1015. 

30 years. 

Do. . 

(1!>) Karim HuMmiiu of 
llHjkote. 

Mica . 

1*. L. 

882-78 

22nd Decem- 
lan-, 1010. 

1 year. 

Singhbliuni 

(10) T))o Dengal Iron 
and Stuul (Jo., Ld. 

Tnni-orc 

M. L. 

2,035-20 

Tho leaHC haa 
not yet been 
executed. 

30 years. 

Do. 

(17) Mr. A. C Moitra . 

Cold . 

1'. L. 

0-5 

4th June, 

1015. 

1 year. 

Do, 

(18) Do. . 

Cold, niangniieiM'. 
and bauNiU;. 

1'. L. 

320 

Do. 

Do. 

I>0. . 

(ID) llai ^riiiHth I’al Ua- 
liiidiir. 

Maiiganes4! . 

1*. 1,. 
'rciifwai). 

iibont 400 

Otii August, 
1014. 

Do. 

Do. 

(20) Mr. I,. 1‘. J5.1‘iiKli . 

C.lii'oinite . 

i'. 1., 
(renewal). 

3,136 

51 ii June. 

1015. 

Do. 

1)0. . 

(21) Tlic Dcngiil Iron 
nod .Slcid (Jo., Ltd. 

Iron-ore 

1'. h. 

J,267-2 

21sl, Decein- 
iiur, 1015. 

Do. 

Do. . 

(22) Itiibii N. N. (io!.- 
waini of Caloiittii. 

Manganciu: . 

r. b. 

67-54 

6tli Deeem- 
iHjr, 1015. 

Do. 

Do. . 

(2;l) Do. . 

Do. 

i*. L. 

3-86 

Do. 

Do. 

Do. . 

(21) Do. . 

Do. 

p. li. 

20 

Do. 

Do. 

Do. . 

(2.'i) Mr. 8. Liixinan Uao 
Niiidu of .Nagpur. 

Cliruniifc . 

i’. L. 
(n-newal). 

027-38 

intli OetolMir, 
1015. 

0 iriunllis. 

Do. . 

(26) Do. . . 1 

Du. 

1’. 1.. 
(renewal). 

1,621-18 

Do. 

Do. 


BURMA. 


Akyab 

(27) Tlie Darina Oil t!o.. 
Ltd. 

Mineral oil . 

1*. L. 

1 

IStii Sep- 

U-.inber, 1015. 

1 yeai. 

.Imhenit . 

(28) Maungl’c 

All minerals (ex- 
(H'pt oil). 

P. L. 


Util Janu¬ 

ary, 1915. 

Do. 

Do. 

(20) Tlie Mudoii Mineral 
Syiidli-aU-. 

Do. 

1*. T,. 
(renewal). 

640 

nth .August, 
1014. 

Do. 

Do. 

(30) Mr. U. D. Singletou 

Do. 

P. L. 

2,560 

3nl May, 

1015. 

i Do. 

Do. 

(31) Tlie Miidou Mineral 
Dyndicatc. 

Do. 

P. L. 
(renewal). 

64(1 

lltli August, 
1915. 

Do 

Do. 

(32) Mr. L. Sismau 

Do. 

P. L. 
(renewal). 

640 

10th June, 
1915. 

do' 

Do. . 

(33) Mrs. M. M. Ula 
(lung. 

Du. 

P. L. 
(renewal). 

00 

28th July 
1915. 

Do. 


V. L,=Pro8peeling lAeeim. M. h.-^Mining Lease. 
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BIHAE AND OMBM-contd. 


DISTKIOT. 

Qraotcu. 

Mineral. 

Nature of 
tjrant. 

Area 
ill aerea. 

Date of 
comrneiicii' 
ment. 

Term. 

8aiiibal|)iir. 

(14) l{iiiKir Kiitnpur (kiiil 
Mining (to., Uointmy. 

Oiial 

M. L. 

720-2 

iHt Janu¬ 

ary, 1915. 

30 years. 

1)0. . 

(l.'i) Karim Himiuun of 
llajkoti!. 

Mica . 

1*. L. 

H82-78 

22nd Decuni- 
iMir, JUia. 

1 year. 

Sio;;lii)lium 

(JO) TItu TkMiKul Iron 
anil Steel Co., Ld. 

Iruu-ore 

M. L. 

2,0:<5-2U 

The Icaiw: boa 
not yet Iiceu 

U.KCCUtuil. 

30 years. 

Do. . 

(17) Mr. A. 

C Moitru . 

Hold , 

P. L. 

0-5 

Itli .Tune, 

1915. 

J year. 

llo. 

(1«) 

Do. . 

(■old, iiiaimaiiese 
aiul liau.xiUi. 

1*. L. 

2211 

Du. 

Do. 

Do. . 

(10) llai Sriiiatli Pal Da- 
liodiir. 

ManmincHu . 

P. L. 
(reiinwal). 

about 40(1 

9tli Angiiiit, 
1914. 

Du, 

Dt». . 

(20) Mr. L. P. 10.1'liKh . 

Climmit.!; . 

P. 1,. 
(renewal). 

2,120 

Dili June, 

1915. 

Do. 

Do. . 

(21) Till' l{<'ii;!iil Iron 
ami Steel (!o., I.til. 

Iroii-ori! 

P. L. 

1.2(17-2 

21st Dewm- 
lier, 1915. 

Do. 

ilo. 

(22) Kilim N. X. lioii- 
wami of Ciiluiitta. 

Miiiiifancau . 

P. Ii. 

(1704 

(itii Deiicm- 
liur, 1915. 

Do. 

Dll. . 

(2:l) 

Do. . 

1)0. 

P. L. 

.‘i-ao 

Do. 

J)o, 

J)o. . 

(24) 

Do. . 

Do. 

1’. 1 . 

2.") 

Do. 

J)o. 

Do. . 

(2ri) Mr. S. IjIIMiiiiii Itiui 
Nuiilu of .XuKimr. I 

Chromite . 

P. 1.. 
(U'licwal). 

927-28 

Kith (Ictubcr, 
1915. 

9 inoiitbs. 

Do. . 

(20) 

Do. . . 1 

Do. . , 

1>. 1 ,. 
(renewal). 

1,021-18 

Du. 

Do. 


BURMA. 


Akyab 

(27) Till! Uuriiia Oil Co., 
LW. 

Mineral oil . 

P. L. 

3,02(1 

l.'itll Sep- 

temlicr, '1915. 

1 year. 

.\inlicrst . 

(28) Alaiiui; Pc 

All minerals (e.\:- 
cept oil). 

P. L. . 

527-0 

9th Janu¬ 
ary, 1016. 

Do. 

Do. 

(29) TIiu Afudoii Mineral 
Syudieati-. 

Do. 

J'. 1,. 
(ri-iicwal). 

64(1 

11th August, 
1914. 

Do. 

1 

Do. 

(39) Air. U. U. Siuifluton 

Do. 

P. L. 

2,560 

3nl Mav, 

1015. 

Do. 

Do. 

(31) The Million Alincral 
Syndicate. 

Do. 

P. L. 
(renewal). 

040 

11th August, 
1915. 

Do. 

Do. 

(32) Mr. L. Sisnun 

Do. 

P. L. 
(renewal). 

0-10 

lUth June, 
1915. 

Do. 

Do. 

(33) Mrs. M. AI. ilia 
UQ1U{. 

Do. 

P. D. 
(renewal). 

2,880 

28th July, 
1915. 

Do. 


P. Jj.=pTospeetin(! Ineente. M. L.’^^Mining Lease. 
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RT 3.] 


STBIOT. 

Urontoo. 

Mhiural. 

1 

Nature of ! Area 

grant. | in acres. 

; 

Date of 
comuience- 
ment. 

Term. 

cnt 

t 

(34) Mis. M. M. Ula 
Dung. 

Tin, wolfram, 

gold, silver, cop¬ 
per and antimony. 

P. L. 

G4() 

14 th 0(Ao- 

bor. 1915. 

1 year. 

Do. 

• 

(3&) Mr. C. K. Low 

All minerals 

(except oil). 

P. I.. 

nil) 

18th Deeem- 
iH-r, 1915. 

Do. 

DO 

• 

(30) Mr. C. II. llcanioy . 

Do. 

1’. L. 

5,517 

7tli June, 
1915. 

Do. 

a 

• 

(37) MoRHrs. Jamal 

lirot). & Co., Ltd. 

Till, wolfram, gold, 
silver and copper. 

1*. L. 

4,8IKI 

15th May, 
1915. 

]>0, 

Do. 

• 

(38) A. M. Uooauin 
Haiuadanuc. 

Zinc, loud uml Hil- 
ver. 

P. L. 

90(1 

Do. 

Do. 

LKi. 

• 

(39) 1)0. . 

Gold, silver, tin, 
woUraiii ami 

copper. 

]’. L. 

2,700-80 

9tli July, 

1915. 

Do. 

)o. 

« 

(40) Mcrmts. Jamal 

UroB. & Co., Ltd. 

Tin, wolfram, sil¬ 
ver, copjier, iead, 
zhic and gold. 

l\ L. 

23..508 04 

3ril Novein- 
tair, 1915. 

1)0. 

kau 

• 

(41) Do. . 

All minerals 

(except oil). 

r. L. 

2,733 

20th April, 
1915. 

Do. 

)u. 

* 

(42) Do. . 

Do. 

P. L. 

12,UHI 

nth Octo- 
lier, 1915. 

Do. 

r Clibul- 

)o. 

(43) Do. . 

(411 Mr. A. 8. Jamal 

Copper, tin, load, 
ziiie, silver and 
goKI. 

Do. 

1*. L. 

P. L. 

l,2(ill 

1,080 

23nl March, 
1915. 

Do. 

Do. 

Do. 

)o. 

• 

(43) MtsHtirH. Jamal 

JlruB. & Co., Ltd. 

Copper 

P. L. 
(renewal). 

Ll'Kl 

1st August, 
1915. 

Do. 

U 

• 

(40) The Burma OU Co., 
Ltd. 

Mineral oil , 

P. L. 
(renewal). 

2,340 

littll Kel). 

niary, 191.5. 

1)0. 

II 


(47) Mrs. it. 1. Jowutt . 

All minerals (ex¬ 
cept oil). 

1*. li. 

471-04 

12t.h Peh- 

riiary, 1914. 

Do. 

1. 

■ 

(48) Mahomed llanill . 

Do. 

P. L. 

48 

Otii Jan¬ 

uary, 1915. 

Do. 

1. 

■ 

(40) Mr. J. J. A. Page . 

Do. 

P. L. 

1,700 

IMtli Jan¬ 

uary, 1915. 

Do. 

I, 

» 

(50) IJ.8hwL l . 

Do. 

P. L. 

2,S10 

23rd March, 
1915. 

Do. 



(51) SawLcngLcc 

Do. 

P. L. 

2(»i'8 

20tli Jan¬ 

uary, 1915. 

Dc. 



(52) Mrs. B. I. Juw«!tt 

Do. 

P. L. 
(renewal). 

3,056 04 

12th Feb¬ 

ruary, 1914. 

Do. 



(53) Messrs. Moola Da- 
wood Sons & Co. 

Do. 

P. L. 
(renewal). 

3.011-04 

1.5th Novem¬ 
ber, 1914. 

Do. 

• 

• 

(54) Lim Aw Kyi . 

Do. 

P. L. 
(renewal). 

207-30 

24th July, 
1914. 

Do. 

• 

• 

(55) Mr. C. 8. Baker . 

Do. 

P. L. 
(renewal). 

600 

31at Decem¬ 
ber, 1914. 

Do. 


P. Jit^Prospedinq Licefise. 


M. V.—Miuini Ltate. 


D 
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BIHAR AND ORISSA-^»«<Z. 


Distiuct. 

Grantee. 

! 

Mineral. 

Nature of 
({rant. 

Area 
iu «acr(». 

Date of 
coininenee- 
niont. 

Term. 

Sainbalyur . 

<14) HinKir Ilninpur Goal 
.MhiiiiK Co., Uombay. 

Coal . . 

M. h. 

7202 

lat Jauti- 

firy, 1015. 

20 years. 

1)0. . 

(Ui) Knrini Huswaiu of 
linjkote. 

Mica . 

1*. L. 

882-78 

22nd Deceiii- 
lier, 1015. 

1 year. 

Hingliblium 

(HI) 'Hie Tk-nftnl Iron 
and Steel Go., Ld. 

Tniii-oro 

M. 1. 

2,o;i5-2U 

The leoHu hoa 
not yet laani 
exeruted. 

30 years. 

Do. . 

(1?) Mr. A. C Muitra . 

Gold . 

1*. L. 

6-5 

4lh June, 

Mil 5. 

1 year. 

1)0. 

(IS) Do. . 

Gobi, maKKaiietu-. 
and bauxite. 

1*. D. 

:t2() 

Do. 

Do. 

T)o. . 

Hal Sriiiiitb I’al Da- 
hodur. 

ManKaneHu . 

1*. L. 
'.renewal). 

about 400 

titli Auifitst, 
1011. 

Do. 

Do. . 

(20) Mr. 1,. F. 15. FuKh . 

Glin)iuite . 

1’. L. 
(leiiew.'d). 

2,120 

51 li Juni-, 

1015. 

Do. 

Do. . 

(21) ’I'lie 1(fn|.!iil Iron 
UMiI Steel Go., Ltd. 

Inui-oiXi 

F. L. 

1,207-2 

21 at Di-i!eni- 
lier, 1915. 

Do. 

Do. . 

(22) Itiiliii N. N. Goit- 
waiiii of (Jnloiitta. 

Maii'pineMt . 

F. L. 

07 54 

I>l.h DeeJ-.m- 
lier, 1015. 

Do. 

Do. . 

(2:i) Do. . 

1 

1 ))o. 

F. L. 

2 80 

Do. 

J)o. 

Do. . 

(21) Do. . 

Do. 

F. 1,. 

25 

Do. 

Do. 

J)o. , 

(2.'i) Mr. S. Liivoiiiti Uao 
Naidu of NiiKiiiir. 

(Jiroiiiite . 

F. L. 
(H'liuwal). 

027-28 

Kith Oet'dier, 
1015. 

0 nioiiths. 

Do. . 

(a(*) 1)0. . 

Du. 

I>. L. 

(renewal), j 

1 

J,021-18 

Do. 

Do. 

BURMA. 

Alryab 

(27) The Duniia Oil Go., 
LUI. 

Mineral oil . 

F. L. 

2,620 

15th Sep- 

teinber, 1015. 

1 year. 

Aralicnit . 

(2S) MaililifFo 

All inineraN (cx- 
ci-|»t oil). 

F. L. 


0th Janu¬ 
ary, 1915. 

Do. 

Do. 

(ai) Till’ Mudotl Minerid 
Sywiieate. 

Do. 

1*. T.. 
(nniewal). 

640 

lull August, 
1014. 

Do. 

Do. 

(.“{O) Mr. 11. 15. Siii',;Ietoii 

Do. 

F. L. 

2,560 

3nl May, 

1015. 

Do. 

Do. 

(:U) Till' Miidoii Mineral 
Syndicate. 

Do. 

F. L. 
(renewal). 

640 

lltli August, 
1015. 

Do. 

Do. 

(22) Mr. L. SUmau 

Do. 

P. L. 
(renewal). 

640 

10th June, 
1015. 

Do. 

Do. 

(3:{) Mrs. M. M. Ida 
Oun;;. 

Do. 

F. L. 
(renewal). 

2,880 

28th July, 
1015. 

Do. 


F. 'L.'^Prmpeeliing JAeeme. M. L,’^Mining Ltase. 
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DISIRIOI. 

Urantee. 

Mineral. 

Nature of 
grant. 

Aren 

111 UCTfJI. 

Date of 
comiiiciico- 
mont. 

Term. 

AmlicTit 


(34) Mrs. M. M. Ula 
Oung. 

Tin, wolfram, 

gold, silver, vo]>- 
per aud aDliiiiony. 

P. L, 

640 

14Mi Octo- 
hor, 1015. 

1 year. 

Do. 

• 

(35) Mr. C. E. Low 

AH minerals 

(except oil). 

P. L. 

640 

IBtli Decern- 
lK>r, 1015. 

Do. 

Bhanio 


(30) Mr. C. 11. lloarouy . 

Do. 

P. L. 

5,517 

7tti June, 

1015. 

Do. 

Kathu 

• 

(37) Mraars. Jtunul 

Droo. & Co., Ltd. 

Tin, wolfram, Koid, 
sUver aud uopper. 

V. L. 

4,800 

15th May, 
1015. 

Uo, 

Do. 

• 

(38) A. M. Uoostiin 
Uamadanou. 

Ziiic, lead and hU> 

VOT. 

P. L. . 

960 

])o. 

Do, 

Do. 

• 

(3») Do. . 

Uold, silver, tin, 
wolfram aud 

copper. 

P. L. 

2,7'J6-80 

util July, 

11115. 

1>0. 

Do. 

• 

(4()) Mofwrs. Jamal 

Bros. & Co., Ltd. 

Till, wolfram, sil¬ 
ver, eop]X!r, lead, 
zinc and gold. 

P. L. 

23,.568(i4 

3ril Novum- 
lier, 1015. 

Do. 

Kyiiukw 

• 

(41) Do. . 

All minerals 

(except oil). 

P. L. . 

2,733 

20th April, 
1015. 

Do. 

Do. 

• 

(42) Do. . 

Do. 

P. L, 

12,160 

11 til Octo- 

lH>r, 1U15. 

Do. 

l.owct Cliind- 

Wlll. 

Do. 

(4.3) Do. . 

(41) Mr. A. 8. Jamal . 

Copper, tin, load, 
zinc, silver aud 
gold. 

Do. 

P. L. 

P. L. 

1,2(10 

1,080 

23rd Marcli, 
1U15. 

Do. 

Do. 

Do. 

Do. 


(45) MoHHni. Jamal 

Bros. A Co., Ltd. 

Copper . 

1'. Ti- 
(rriii'wal). 

1,440 

Jst August, 
lUlS. 

Do. 

Hukwo 


(40) The Burma Oil Co., 
Ltd. 

Mineral oil , 

P. L. 
(renewal). 

2,210 

loth Keh- 

riiary, 11)15. 

Do. 

Urritui 


(47) Mrs. B. l.Juwutt . 

AH minerals (ex¬ 
cept oil). 

P. L. 

47104 

12th Peh- 

runry, 1014. 

Do. 

Do. 

• 

(48) MtUiomed Hunilf • 

Do. 

P. L. 

2,ri«0.4H 

Otii Jaii- 

11.-11 y, 1015. 

Do. 

1)0, 

• 

(49) Mr. J. J. A. Page . 

Do. 

P. L. 

1,7(M) 

ISth Jan¬ 

uary, 101.5. 

Do. 

Do. 

• 

(50) U. 8hwe I . 

Do. 

P. L. 

2,816 

2:inl March, 
1015. 

Do. 

Do. 


(51) Saw Long Lee 

Do. 

P. L, 

201 8 

20th Jan¬ 

uary, 1015. 

Do. 

Do. 


(52) Mrs. B. L Jowott 

Do. 

P. L. 
(renewal). 

3,03004 

12th Feb¬ 

ruary, 1014. 

Do. 


• 

(53) Messrs. Moola Da- 
wood Sous A Co. 

Do. 

P. L. 
(n-ncwal). 

3,011-04 

15th Novem¬ 
ber, 1014. 

Do. 

Do. 


(54) Lira Aw Kyi . 

Do. 

P. L. 
(renewal). 

207-36 

24lh July, 
1014. 

Do. 

Do. 

• 

(55) Mr. C. 8. Baker . 

Do. 

P. L. 
(renewal). 

600 

31st Decem¬ 
ber, 1914. 

Do, 


P. Ji,=iPro*pecfi»itf Liceme. M. ^.=JUin%»g iea*r. 


D 
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DISTHICT. 

Qrantee. 

Mineral. 

Nature of 
grant. 

Ana 
h) acres. 

Date o< 
ooimnenoe> 
meat. 

Term. 

Morgui 

• 

(56) K. Ahmnd 

• 

All minorals 

(exeept oil). 

P, L. 
(renewal). 

2,749-44 

27Ui Jan- 
ary, 1916. 

0 mniith.| 

]>0. 

• 

(67) Do. 

• 

Do. 


P. L. 
(renewal). 

1,318-56 

3oth Novem¬ 
ber, 1914. 

1 j-i-jir. 

Do. 

• 

(.58) U. Hliwc Don 

• 

Do. 

‘ 

P. L. 
(renewal). 

793-60 

9th Feb¬ 

ruary, 1916, 

Do. 

Do. 

• 

(69) V. Po Twio . 

• 

Do. 


P. L. 
(renewal). 

381-44 

Do. 

Do. 

Do. 

• 

(M) Saw I.eng Lee 

• 

Do. 


P. L. 
(renewal). 

6»4>48 

2nd Miireli, 
1916. 

9 niniilln. 

Do, 

• 

(61) Menara. Wight.miu) 
& (’o. 

Do. 


P. L. 

2,42176 

3rd May, 

1915. 

1 Vt-iU. 

Do. 

• 

(62) Manng Shwe Thi 


Do. 


P. L. 
(renewal). 

862-48 

18th Feb¬ 

ruary, 1915. 

6 mniitlia 

Do, 

• 

(63) V. No Gyl , 


l^. 


P. L. 
(renewal). 

3,200 

6th June, 
1916. 

Do. 

Do. 

* 

(64) £. Ahmed 


Do. 


P. L. 
(renewal). 

2,316-80 

30th April, 
1915. 

Do. 

Do. 

■ 

(66) Mr.J.J. Wytema 


Do. 


P. L. 

2,820-80 

30th 8ei>- 

tembor, 1916. 

1 year. 

Do. 

• 

(66)U.ShweI . 


Do. 


P. L. 
(nmewal) 

473-00 

0th Feb¬ 

ruary, 1016. 

Do. 

Do. 

• 

(67) 0. Shire Yin . 

■ 

Do. 


P, L. 
(renewal). 

1,002-62 

21st Jnly, 
1916. 

Do 

Do. 

• 

(68) Mr. E. Ahmed 

• 

Do. 


P. L, 
(renewal). 

2,747-44 

27th July, 
1015. 

Do 

Ito. 

• 

(69) Wifflitmnn 

& U). 

Do. 


J*. L. 
(rtjni'wal). 

1,6.50 

20th August. 
1915. 

JK) 

Do. 

. 

(70) Sit Khwet . 


Do. 


P. L, 
(renewal). 

1,373-28 

24th July, 
1915. 

Do, 

Do. 


(71) Urn Aw Kyi . 


Do. 


P. L. 
(renewal). 

207-36 

Do. . 

Do. 

Do. 

• 

(72) Manng Shwe Thi 


Do. 


P. L. 
(renewal). 

852-48 

18th August, 
1016. 

Do. 

Do. 

• 

(73) Saw Long Lee 

• 

Do. 

• 

P. 1. 
(renewal). 

664-48 

2nd Septem¬ 
ber, 1016. 

DO. 

Do. 

• 

(74) Mr. A. H. Noyce 

« 

Do. 

■ 

P.L. 

100 

20th Novem¬ 
ber, 1016. 

Do. 

Do. 

• 

1 

(76) Manng Kyaw Din 


Do. 

• 

P. L. 

434-70 

18th Decem¬ 
ber, 1016. 

Do. 

t 

Do. 


(76) Mrs. D. I. Jewett 


Do. 


P.L. 

(renewal). 

3,056-64 

12th Feb¬ 

ruary, 1916. 

Do. 

Do. 

Do. 

• 

(77) Do. . 

(78) Manng Kyaw Din 

• 

Do, 

Do. 

• 

P. L. 
(renewal). 

P. L. 
(renewal). 

471-04 

3i8-04 

Do. 

Ist August, 
1015. 

Ito. 

1)^ 


P. L.'mPfotpteHttt Lieente, H. Lease. 
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DIHTBICT. 


Grantee. 


Mineral. 


Nature of Area 

grant. in acres. commence. Term. 

iiicnt. 


(7fl) E. Ahmed 


. All minerals V. T.. 

(except oil). (renewal). 


(80) MenKra. The BritLsb- i Mineral oil . . P. L. 

Burma Petroleiiiii (Vi., . (renewal). 

Ltd. 


2,81 G-80 aotli October, One year 

lUlS. or until 

orders 
are pass¬ 
ed on 

tlie ap¬ 

plication 
for a 

mining 
lease. 

174 20lh Novem- 1 year, 
ber, 11114. 


(83) Messrs. The Indo- 
Burina Petroleum Co., 
Ltd. 


P. L. 440 ;t'i 27th Novem- Do. 

(renewal). SoiiMieni h.alf I la-r, 1014. 

of Hi N. and I 
nortliern j 
]iurtion of ' 

17 N. 

I‘. L. . 014 3nl May, Do. 

I 101 Ti. 

I 

P. L. . »<10 1 28th June, Do. 

Kastem hall 1015. 
of lllocks 

1.8. and J.S. 

01 the Min- 
hu Oil 
Field. 


;!2(i Otii August, Do. 
Northern half 1015. 
ot llloek 
HiN. 


(85) Messrs. The Mooln 
Oil Co., Ltd. 


040 25111 August, 30 years, 

llloek 19 P. 1013. 
in the Min- 
hu Oil Field. 


(871 Meins. The Brltish- 
Buroia Petroleum Co., 
Ltd. 


2,5)3'40 10th .Tan- Do. 
Blocks B.8., uary, 1014. 

C.8., D.8., 
and H.S., in 
the Mmhu 
Oil Field. 

! 1140 17th May, 1 year. 

1915. 


(88) Messrs. The Yomoh 
Oil Co.. Ltd. 


I 2,570 1 5th July, I Do. 

(Bhs-Ks 4 P.. I 1015. 1 

. H P., 12 P.. I : 

I and port ions ] ! 

I ol hliieks ' 

I IIP. anil Hi 

P. in the ! 

Mmhu Oil I 

I Field.) 


P. Ii,-ProipecUng licenu. M. 
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SIBTBIOT. 

Qrantec. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Mlnbu 

(SO) Mt-aarH. The Yonioli 
OU Co.. 1 td. 

Mineral oil 

P. L. 

673-28 
iriidemar- 
catud block 
l&P. and 
the north¬ 
ern portion 
of block 

I6P. in ttio 
Mlnbu Oil 
Field. 

0th October, 
1915. 

1 year. 

Mylngyan 

(00) McKira. Tho ItritiHh- 
Ihirma J’ctroli'Uiii Co., 
l.t<l. 

Do. . 

P. L. 

640 

Dlock 52N. 
in tho 

SIngu Uil 
Field. 

24th Novem¬ 
ber, 1015. 

Do. 

Hyitkylna . 

(01) Mr. D. A. lialdwin . 

Cold and plntiiiimi 

P. L. 
(rcia'Wal). 

1,440 

8th October, 
1014. 

Do. 

Do. . 

(02) Mr. C. W. Cliiiti'r . 

Cold, plntinnni 
and allied metals. 

1*. L. 

060 

let June, 

1015. 

Do. 

]>(<a • 

(02) Du. 

Do. , 

1*. L. 

480 

IHth June, 
1015. 

lio. 

Do. . 

(04) Do. . 

3Jo, . 

P. L. 

640 

Do. 

Do. 

Do. . 

(O.*)) ’rii<‘ Diinna Cold 
Dn'Ui'iuc (.'u., JLitd. 

Cold and other 
inineralii (except 
oil). 

P. L. 

1,466 

Ist Septem- 
licr, 1015. 

Do. 

Do. 

(0«) Mr. H. r. . 

Cold . 

P. L. 

4,041 

1st . April, 
1016. 

Du. 

Do. 

(07) Do. . 

Do. . 

P. L. 

640 

12th August, 
1015. 

Do. 

NoHlicrii 
Shan States 

(08) Mt'sari. Mnhocliiiug 
Jiixidorntlon Co., Ltd. 

Cold, ailver, lead. 
Iron and zinc. 

P. I., 
(renewal). 

3,200 

Oth April, 

1015. 

Do. 

Do, . 

(00) Tlic Diirma Cor¬ 
poration, Tild. 

(ktpiie.r, galena 
and ulhed 

niincrala. 

P. L. 
(renewal). 

2,560 

23Td July, 
1015. 

Do. 

PiAokku 

(100) Mi^ara. nu- SinRii 
(liiirma) Oil Syndicate. 

Mineral oil . 

P. L. 
(renewal). 

76.80 and 
371-20 acre.8. 

14th Novem¬ 
ber, 1015. 

Do. 

Do. . 

(101) McHars. The liurma 
Oil Co., Ltd. 

Do. . 

P. L. 
(renewal). 

3.'>) -63 acres 
Jtlock D2 of 
the Venaiig- 
yat Oil Field. 

24th July, 
1016. 

Do. 

Do. . 

(102) Meswa. Tho Dri- 
tiah-lhirnm rotrolcum 
Co., Ltd. 

Do. 

P. L. 
(renewal). 

614-40 and 
201 acres. 

23rd July, 
1016. 

Do. 

1*10010 

(103) Tlic Dumia Oil 
Co., Jitd. 

Do. 

P. L. 

3,200 

7th June, 

1016. 

Do. 

Do. 

(104) Mating Clyi . 

Do. 

P. L. 
(renewal) 

1,862 

6th March, 
1015. 

Do. 

Sagaing 

(t0&) C. Soon Tills 

Do. 

P. L. 
(renewal). 

3,100 

13th Keb- 
mary, 1014. 

Do. 


r. L,^ProtpKting Lketige. M, Lease, 
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district. 

f 

Grantee. 

Mineral. 


■Natimi of 
grant. 

■ 

Date of 
eommeiico- 
ment. 

Term. 

Shwebo 

• 

(106) Mr. D'Ortes 

1 

1 All mtncrals 

(except oil). 

P. L. 
(n*newnl). 

3,20(1 

.30th June, 
101.5. 

1 year. 

Sraithcrn 

Hhan States. 

(107) Mr. A. C. Martin . 

Do. 


P. L. 

2,6(U) 

0th June, 
101.5. 

Do. 

Do. 

Do. 

• 

(lOR) ManngYaIng 

(109) Mr. J. R. Browne . 

Load and silver . 

All niinmls 

(except oil). 

M. L. 

P. L. 

18-75 

],12() 

20t.h July, 

1014. 

28tli June, 

1015. 

6 years,' 

1 year. 

l>n. 

• 

(110) Messrs. Jauiot 

Bros. A Co., Ltd. 

Do. 

• 

P. L. 

.5,440 

2nth June, 
1015. 

Do. 

Do. 

• 

(Ill) Nanus Pan Aung . 

Do. 

• 

P. L. 

f.40 

14 th August, 
101.5. 

Do. 

Do. 

• 

(112) E. E. Moola 

Wolfram 

• 

P. L. 

040 

loth July, 
101.5. 

Do. 

1)0. 

• 

(11.3) Mr. It. E. Smith . 

All minerals 

(except oil). 

P. L. 
(renewal). 

3,mo 

1.5th .Iniie, 
1015. 

1)0. 

Du. 

• 

(114) Ko Law Pan 

Do. 


P. L. 
(n'liewal). 

;!(II) 

21st August, 
101.5. 

Do. 

1)0. 

• 

(115) Do.. 

Do. 

• 

P. L. 
(renewal). 

l.filK) 

4tli Septein- 
lier, 1015. 

Do. 

Do. 


(110) Capt. John Ternd- 
rup. 

Do. 

s 

V, L. 

472-5 

.5tli October, 
101.5. 

Do. 

Do. 

• 

(117) The Bon'hle Mr. 
Dim Chill Tsoiig. 

Do. 


P. L. 

Ifili 

20th \ovem- 
Is-r, 101.5. 

Do. 

Do. 


(11.3) Mr..V.C. Martin . 

Do. 


i*. L. 

3,(l(l7-:i 

Mill Deeem- 
IsT, 1015. 

Do. 

Do. 


(110) Do. 

Do. 

« 

P. L. 

(’>49 

Do. 

Do. 

iHvoy 

• 

(120) Mr. Greenhow 

Do. 


P. L. 

2,.50() 

281.li .lamiary, 
1015. 

ik). 

Do. 

• 

(121) Mrs. C. V. Aubrey . 

])n. 


P. L. 

2,.57(1 

27th March, 
1015. 

Do. 

Do. 


(122) Mr. C. W. Chafer . 

Do. 


P. L. 

0 

2.5th Mareh, 
1015. 

Do. 

l)n. 

• 

(12.3) Kboo Tun Byan . 

Do. 

• 

J’. L. 

64 

6tli March, 
1015. 

Da 

Da 

0 

(124) Messrs. Ilio Wagon 
PoehaiinK Wolfram 

Minos, Ltd. 

Do. 

• 

P. L. 
(renewal). 

2,601) 

3nl Deccmlicr, 
1012. 

(«) 

Do. 

i 

• 

(126) KyongNga . 

Do. 


P. L. 
(nmewal). 

2,018 

OOtli January, 
1015. 

1 year. 

Do. 

* 

(126) The Bombay Tavoy 
Mining Co. 

Do. 


P. 1.. 
(renewal). 

2,845-32 

4 th Noveinijcr, 
1013. 

{«) 

l)o. 

• 

(127) Muung Hpaw 

Do. 


P.L. 

(renewal). 

-2,745-60 

24tli November, 
1013. 

(a) 

Do. 

• 

(12R) Messrs. Radclitf & 
C.O., Ltd. 

Do. 

• 

P. L. 
(renewal). 

4.320 

30t1i Deccmlicr, 
1013. 

(0) 


P. Licemf. M. Mining 

(o) Period extended under rule 3ii (1) proviso. 


t.lie eriuit of n inliiiiiK lease. 
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i 

DlSTWCT. ' 

1 

Grsnteo. 

Mineral. 

Nature of 
grant. 

Area ^ 

In ocrca. j 

Date of 
cominence- 
niont. 

Term. 

1 

Tavoy . | 

(120) MaungHpaw 

All minerals (cx> 

1*. L. 

3,008-20 

2Sth Novem- 

(«) 

copt oil). 

(renewal). 


her, 1913 


Do. 

(130) Quah Cheug Guan. 

Do. 

P. L. 

271-36 

23rd Deoom- 

(«) 

1 


(renewal). 


her, 1013. 


Do. 

(131) Klioo TiuByati . 

Do. 

P. L. 

3,086 

24th January, 

<«) 



(renewal). 


1914. 


Do. 

(1.32) Ma Hi'in Daing 

Do. 

P.L. 

500 

2nd February, 

1 ye.ir. 



(lencwal). 


1015. : 


Do. 

(133) Mr. T. I’owlc 

Do. . . 

P. L. 

4,478 

10th February, 

(«) 



(renewal). 


1914. 


Do. . ' 

(l.'l-l) TeoiigSw(X! 81u . 

Do. 

P. L. 

1,132 

8Ui Slareh, 

(</) 

1 

1 

(renewal). 


1014. 


I 0. . 

(135) Tavoy ConccisMonh, 

Do. 

P. L. 

2,086 

OUi Septem* 

(«» 

i 

Ltd. 


(renewal). 


IxT, 1013. 


Do. . 

(130) Kyong Nga . 

Do. . 

P. L. 

2,846 

27th May, 

((ft 

1 


(renewal). 


1913. 


Do. 

(137) Tavoy Couuuitfiioos, 

Do. 

P. L. 

2,043 

28th February, 



Ltd. 


(renewal). 


1014. 


Do. 

(138) Quah Cheng Gwnn 

Do. 

P. L. 

720 

lltli Dccem* 

1 year 



(renewal). 


ber, 1014. 


Do. 

(139) Mr. H. r. Sclvcv . 

Do. 

P. L. 

737 

12th February, 

Do. 



(renewal). 


1015. 


Do. 

(140) Manng Shwe I'u . 

Do. 

P. L. 

813 

^th August, 

Do. 





1915. 


Do. 

(141) Quail Cheng Gwan 

Do. 

P. L. 

1,429 

2601 August, 

Do. 





1015. 


Do. 

(142) MaungB. Lin 

Do. 

P. L. 

1 1,674 

23rd August, 

Do. 





1915. 


Do. 

(143) Do. 

Do. 

P. L. 

lOO 

3(ith July, 

Do. 





1915. 


Do. 

(144) Quah Cheng Gwun. 

Do. 

T‘. L. 

1 300 

26th August, 

Do 




1 

1915. 


Do. 

(145) Mr. II. 1’. Selvey, 

Do. 

P. L. 

' 640 

28th Beptem- 

1)0. 


1 Lilli Kyee Yan and Ma 



i 

ber, 1015. 



1 Sein Daing. 



1 



Do. 

(140) Maung Ni . 

Do. 

P. 1,. 

i 2,088 

i 

1 Itli Beptcni- 
ber, 1915. 

Do 

Do. 

(147) Mauug Lun Bln . 

Do. 

P. L. 

1 2,064 

6tii Beptem- 

Do 




I 

ber, 1015. 


Do. 

(148) Mr. 11.1’. Selvey uiu 

Do. 

P. L. 

320 

28th Septem¬ 
ber, 1915. 

DO. 


IJm Kyee Yan. 





Do. 

(140) L. M. laittoll 

Do. 

P. L. 

455 

20th Septem¬ 
ber, 1015. 

IKi. 

1 

Do. 

(150) Maung Ln IV 

Do. 

P. L. 

200 

18th February, 

1)0. 



(renewal). 

' 

1015. 


Do. 

(151) Measre. HadclKf <» 

D . 

P. L. 

390 

22nd July, 

Do. 

t'o., T.td. 


(rcncwnl). 


1016. 

1 

j 









1*. L.-=P 
(a) IVria 

'mnperiitig lAcnae. M. L.=4finiiig lM»e. , . i 

1 extended under rule 38 (1) provlao, pending the grant o( a mining lea«" 
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UISTWCT. 

i 

Grautcu. 

1 

Mineral. 

Nature of 
grunt. 

1 

Aruu 
in acruH. 

Date of 
comraunee- 
uiunt. 

Term. 

I'livoy 

(162) Mr. J. C. Croiw . ' 

All miiictulH (ex- 

P. L. 

1,280 

OUi October, 

3 luontbs. 


cept oil). 


1915. 


Do. • 

(153) Mauug Min Oyuw 

Do. 

P. L. 


22nd Ucccni* 

Do. 

Broo. Ac Co. 




her. 1915. 


Do. 

(154) Mra. L. Punnn and 

Do. 

P. L 

972 

2ud OutolH-r, 

1 year. 

Maung N1 Too. 




1915. 

IK). 

(155) Mr. John J. A. I’ugc 

Do. 

P. L. 

538 

1 

Otli iK-eeiiilicr,' 

6 iiioulim. 




1915. I 


Do. 

(15(i) Do. . ; 

Do. 

P. L. 

2.56 

Do. 1 

Do. 

Do 

(157) Muting Maung 

Do. 

P. L. 

798-72 

7lh OetoiNT, 

Do. 




1915. 1 


Do. 

(158) Mi. U. fi. Muthowa 

Do. 

P. L. 

538 

2nd Noveiii- ! 

Do. 




Iior, 1915. 1 


Do. . 

(159) OnglloeKyin 

Do. 

P. L. 

.519 

4lli UetolNT, 1 

1 year. 




1915. 


Do. 

(160) Maung Maung 

Do. 

P. 1. 

1.280 

51 li OutoiNT, 
1915. 

Do. 

Do. 

(161) EuShweSwo 

Do. 

P. 1.. 

217 

2(Hli October, 
1915. , 

6 moiiUia. 

Do. 

(162) Messrs. V. M. lUiug- 
worth, W. P. Deal ; 

Do. 

P. I.. 

1,501 

18th Novcni- ' 
iH-r, 1915. 

1)0. 


and W. Boas. 






Do. 

(163) Llnt8huin . 

Do. 

P. 1.. 
(renewal) 


2nd SepU-ni- 
her, 1915. 

1 year. 

Do. 

(164) 'JanCliongYenn . 

Do. 

P. L. 
(nsiiewul). 

i 275 

9th Noveinlx-r, 
1915. 

3 iiioiiths. 

T hi) lull 

(166) Messrs. A. V. Joseph 
& Co. 

Wollrani 

P. L. 
(renewal). 

l,(j<H) 

17tli Oetolier, 
1914. 

1 year. 

Do. , 

(166) Mr. 11. E. Singleton 

All iiuiierali) (ex¬ 
cept oil). 

P. 1-. 

320 

I3lh (>etolH-r, 
191.5. 

Do. 

Do. 

(167) MaNycin . 

Do. 

P. L. 

704 

lllh Oetolier, 
1915 

Do. 

Do. 

(168) Poo Ban Seng 

Do. 

P. L. 

640 

18tli Decem¬ 
ber, 1915. 

Do. 

I'hayctmyo. 

(169) Pir. J. A. Murray . 

Mineral oil 

P I.. 
(renewal). 

! 3,840 

1 

26th Noveni- 
IxT. 1914. 

1 year. 

Do 

(170) The Burma Oil Co., 

Do. 

P. L. 

4,480 

19lh Apill, 
1915. 

Do. 


Ltd. 





Do. 

(171) Do. 

Do. 

]■. L. 
(renewal). 

1,920 

26th ApiU, 
1915. 

Do. 

Do. 

(172) DOj 

Do. 

P. h. 
(renewal). 

960 

6th June, 1915 

Do. 

Do. 

(178) Mr. J. A. Murray 

Do. 

P. L. 

1,920 

1st November, 
1915. 

Do. 



P. h.<= PTOtpeeiinO Ivxnte. M. A****- 
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Dihtrict. 

Orantpp. 

Mineral. 

Batnre of 
grant. 

Area 
in acres. 

Date of 
coramenee- 
ment. 

Term. 

Thayotmyo. 

(174) Momn. The Biuma 
OU Do., Ltd. 

Mineral oil 

• 

P. L. 
(renewal). 

1,440 

28tli Septem¬ 
ber, 1916. 

1 year. 

Do. 

(176) Do. 

Do. 


P. L. 

3,840 

24th Septem- 

Do. 





(renewal). 

her, 1016. 

Upper ('hind- 

(17(1) Tlic Indo-Burmn 

Do. 


P. L. 

3,200 

lat October, 

Do. 

win. 

Petroleum Do., Ltd. 



(renewal). 

1019. 

CENTRAL PRC 

)VINCES. 

Itnlaghnt. , 

(177) Indian Mineral Min- 

ManganeRO 


M. L. 

7 

6th January, 

6 years. 


iilK Hyiulicnte. 





1015. 

llo. 

(17K) Hon'bic Mr. M. D. 
Dadahhoy, C.I.K. 

Do. 


P. L, 

2 

18th January, 
1915. 

1 year. 

Do. 

(17tl) Ilon’blo Sir Kaatur- 

Do. 


1*. L. 

743 

11th Septem- 

2 years. 


ehand Doko, V D.1.10. 



(renewal). 


ber, 1913. 

Do. 

(180) Mr. (.Akidiman lino 

Do. 


P. L. 

289 

26th June, 

1 year. 


Naidn. 





1016. 

Do. 

(181) Netni Matiftanoge 

Do. 


P. L. 

110 

7th April, 

Do. 


Do., Lt^i. 





1916. 


Do. 

(182) Do. 

1)0. 


P. L. 

109 

3rd May, 1916. 

Do. 

Do. 

(183) Itabn Kripa Shankar 

Do. 


P. L. 

118 

26tli June, 

Do. 



Do. 




■ 915. 

Do. 

(184) Do. 


P. L. 

14 

7Ui June, 1016. 

Do. 

Do, 

(186) Mr. Rpwa Shankar 

Do. 


P. L. 

3 

Do. 

Do. 

Do. 

(18C) Do. 

Do. 


P. L. 

72 

Do. 

Do. 

Do. 

(187) Babu Kripa .Shankar 

Do. 


P. L. 

64 

17th June, 

0 months 





(renewal). 


1016. 

Do. 

(188) Mr. P. Balkriahna 

Do. 


P, L, 

21 

23rd August, 

1 ye.ir. 


Baidu. 





1016. 

Do. 

(180) Bobu Kripa Shankar 

Do. 


M. L. 

632 

7th July, 1015. 

30 years. 

Do. 

(190) Do. 

Do. 


P. L. 

370 

8th July, 1915. 

1 year. 

Do. 

(101) Mr. S. Lakshman 

Do. 


P. L, 

2 

Do. 

Do. 


Kuo Baidu. 





Do. 

(102) Do. 

Do, 


P. L. 

20 

Do. 

Do. 

Da 

(103) Do. 

Do. 


P. L. 

07 

27th July. 

Do. 







1015. 


Do. 

(194) Indian MonnaneBc 

Do. 


P. L. 


23td August, 

Do. 


Co., Ltd. 





1016. 


Do. 

(106) Do. 

Do. 

■ 

P. L. 

64 

Do. 

Do. 

I’o. 

(100) Diwan Bahadur Sir 

Do, 


P. 1. 

14 

21 st Septem- 

1)0. 


Koatnrehand Daga, 
K.D.I.K. 


J 



ber, 1016. 



P. Ji.—Proupniing lAtenu. M. 'L.=‘Mming Lnue. 
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DIRTKICT. 

flrantoe. 

Mhipral. 

Natan* of 
grant. 

An'a 

in anrpa. 

Date of 
poiniiionpp- 
nipiit. 

Tprm. 

llalnehBt 


(107) Dabn Kripa Shankar 

MangaiiPap 

P. h. 
(n-npwal). 

04 

17lh Juno, 
11)16. 

1 year. 

Ho. 


(108) Diwiin Bahadur Sir 
Kant urcliand 1 )aKa, 

K.U.I.K 

Do. 

P. I,., 
(runpwal). 

743 

lltli Sppteni- 
lier, lUiri. 

0 months. 

1)0- 


(100) Mr. T. D. Bamphan- 
dra Baidu. 

Do. 

P. h. 

34(1 

Dili OctolM'r, 
lUlO. 

1 ypar. 

no. 


(200) Do. 

Do. 

P. L. 


Do. 

Do. 

Do. 


(201) Moasra. Ooredutt, 
(laiiPHlk Liil and M. 
D’Ooata. 

Do. 

P. L, . 


Do. 

Do. 

1)0. 


(202) Netra Manganoap 
Co., f.td. 

Do. 

M. L. 

10 

3l)t.li .Tnnp, 
11)16. 

30 years. 

Do. 


(20.1) ITon’hle Sir Kaatur- 
cliaiid Daga, K.C.l.lC. 

Do. 

M. I-. 

Ki'.l 

Dill Ori'OlH'r, 
lUlii. 

Do. 

Do. 


(204) Do. 

1)0. 

P. L. 

:( 

3iith Opt-olipr, 
lull). 

1 year. 

lilianilara 


(20.'i) Mr. T.akahnmu 

Dainodar LcIp. 

Do. 

M. D. 

83 

Dtli DpppiiiIkt, 
11114. 

3 yeara. 

JH). 


(200) S<-Ui Mnh.adPo 

Do. 

P. I.. 

314 

loth Mareli, 
ID 1.6. 

1 year. 

Do. 


(207) Seth (lOwanlliandaa 

Do. 

I>. 1, 

74 

2iiil Kpliriiary, 
11)15. 

Do. 

Du. 


(208) Mpsara. ].altM'hari 
Bar.ayaiidaa and llani- 
pharaii Sitaiikarlal. 

Do. 

M. L. 

S.'i 

Kit'll .ianuarv, 
11)15. 

8 yi'ara. 

Do. 


(200)MpHara. Motil.ol awl 
Kanuiarayaii. 

Do. 

J*. D. 

m 

4tli January, 
11)15. 

1 year. 

Do. 


(210) Mr. Muhanandram 
Slioonarayan. 

Do. 

P. 1.. 

21 

Do. 

Do. 

Do. 


(211) Spth Oowurdhandaa 

Do. • 

P. L. 

l.'iO 


Do. 

Do. 


(212) Do. 

Do. 

1 

1\ L. 

2U 


Do. 

Do. 


(213) Nagpur Manganpao 
Mining Syiidipatf. 

Do. 

P. L. 

32 


Do. 

Do. 


(214) Mpasra. itatanphand 
Kcarichand Cliullaiipy 
& Sons. 

Do. 

P. L. 


1 27*h April. 

1 1915. 

Do. 

Do. 


(216) llon’hip Sir K.aatur- 
chaud Daga, K.C.I.K. 

Do, 

P. L. 

10 

3nl May, 11)10 

Do. 

Da 


(210) Set'll no.wardhniidna 

Do. 

P. L. 

20 

14th June, 
1015. 

Do. 

Do. 


(217) Do. 

Do. 

P. B. 

17 

25tli May, 
1015. 

Do. 
















184 


Records of the Geological Survey of India. [VoL. XLVIl. 

CENTRAL TEOWmem-cofUd. 


DlBTBIOI. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Bhandai* . 

(218) Seth Gowatdhandai) 

1 Manganic 

P. L. 
(renewal). 

06 

22nd April, 
1016. 

2 mouths. 

Do. 

(210) Do. 

Do. 

1 

P. L. 
(renewal). 

47 

Do. 

Du. 

Do. 

(220) SethMahadoo 

Do. 

M. L. 

1 

257 

15(h Hay, 
1015. 

30 years. 

Do. 

(221) Khan Bahadur 

UyramJI Pestouji. 

Do. 

P. L. 

13 

5th July, 1015. 

1 year. 

Do. 

(222) Diwan Bahadur Sir 
Kasturchand Daga, 
K. C. I. B. 

Do. 

j 

87 

2l8t July, 
1015. 

1)0. 

Do. 

(223) Seth Gowardhandaa 

Do. 

1 P. L. 

47 

5th August, 
1015. 

Do. 

Do. 

(224) Do. 

Do. 

i P. 1,. 

' (renewal) 

270 

2nd July, 
1015. 

7 nionths. 

Do. 

(225) Do. 

Do. 

\ y. u 

! 

10 

20th Novem¬ 
ber, 1015. 

1 year. 

' 

Do. . 

(226) Pandit Bewa Bhan- 
ker. 

Do. 

P. L. 

217 

23rd Decem¬ 
ber, 1015. 

Do. 

Obanda 

(227) Chooda Coal Proe- 
pecting Syndicate. 

Coal . 

M. L. 

1 

776 

It April, 
*1015. 

Will e^- 
jiire with 
the orlgi- 
ual lease, 
dated tlie 
4tli April 
1913, to 
wlilcli It 
is Hii)i]ile- 
meutarv. 

Do. 

(228) Hou’ble Sir Kastnr- 
chandDaga, K.C.T.K., 
and the Hon'bte Mr. M. 
B. Dadabhoy, G.I.K. 

Do. 

1 

M. U . ! 

1 

i 

1 

151 

14th May, 

1015. 

1 

WUI e'5- 
piru with 
till- iingl- 
liul leaw-, 
duli d the 
5tll A)iril 
1013 to 
whivli it 
is BiippiC' 
inenlary. 

lio. 

(228) Mewra. K. Venna 
and Kanhaiyalal. 

Do. . . i 

1 

M. L. . 

1,064 

30th October, 
1015. 

30 years. 

Do. 

(230) Tata Iron <k Steel' 
Co., Ltd. 

Iron . . ' 

M. L. 

144 

22nd October, 
1016. 

Will ex¬ 
pire with 
/> ho ongi- 
0 al loose, 1 
dated the 
17th De¬ 
cember 

1006, to 

which it 

Is supple- 
mrntsry. 


P. L,^Pn»peeling Idettut. U. h.’mlUning JMue. 






Part 3.] 


Haydkn: Mineral Prodnctum, lOJo. 

CENTRAL PROVINCES-<»«<rf. 


185 


UlHIRIOI. 

Uranicti. 

1 

Mineral. 

Nature of 
grunt. 

Area 

III aensH. 

Date of 
comiiience- 
rnent. 

Term, 

Clihiudwara 

(231) McHsn. Shaw Wal¬ 
lace &C!o. 

Coal 

P. L, 

2,218 

15tli January, 
1015. 

1 year. 

Do. 

(232) Messrs. 11. Vorma 
and Kanhaiyalal. 

Do. 

M. L. 

780 

2:ird Alorch, 
1015. 

30 years. 

Do. 

(233) Do. 

Manganese 

M. L. 

160 

Do. 

10 years. 

Do. 

(234) Kon'ble Mr. M. D. 
Dadabhoy, CM.!!. 

1)0 

M. L. 

32 

7th Ajirll, 
1015. 

5 years. 

Do. 

(233) Me.ssrs. Byraniji Pes- 
tonji & Co. 

Do. 

P. L. 

203 

* 

Olh April, 
1015. 

1 your. 

]JO. 

(233) IiHlIun ManKauoBo 
Co., Ltd. 

Do. 

P. L. 

10 

14tii August, 
lOl.'i. 

1)0. 

Do. 

(237) Messrs. Shaw Wal¬ 
lace & Co. 

Coal 

P. L. 
(renewal). 

1,103 

1st October, 
1015. 

Do. 

Do. 

(238) Uon'bleMr. M. U. 
Dadabhoy, C.I.K. 

Manganese 

M. L, 

25 

7tb October, 
1015. 

30 yean. 

1)0. 

(239) llon’blc Sir Kastur- 
chand Daga, K.C.l.B. 

Do. 

P. L. 

172 

5th Novem¬ 
ber. 1015. 

1 year. 

JullbulpOTK. 

(240) Mr. P. C. Dutt . 

Bauxiki 

M. L. 

214 

11th January, 
1015. 

30 years. 

Du. 

(241) Mr. Georni* Korn* • 
ter. 

Manganese, Gold, 
Sdver and ('oi)iii'r. 

P. 

653 

20 th January, 
1015. 

1 year. 

1)0. 

(242) .Messrs. U. 1''. Cook 
fi Sons. 

IbiUAile 

M. L. 

2,5 

30tli .laiiiiary, 
1015. 

30 years. 

Do. 

(243) Mr. V. C. Dutt 

Miuigiinese :ilicl 
Iron. 

Al. 


4 th September, 
1015. 

Do. 

!)o. 

(244) Do. 

Daiixite 

J*. L. 


lotli Septem¬ 
ber, 1015, 

1 yi-ar. 

J>0. 

(24.')) Messrs. Iliriilal 
(SiiaiisiamdNs. 

Sou]istniie . 

M. L. 

76 

5th S«-pteiiilior, 
1015. 

30 jears. 

Do. 

(246) Mr. P. C. Dutt 

Iron and Bauxite. 

P I- 
(renewal) 

281 

22iid OetolN r, 
1015. 

1 year. 


(247) Mr. Lakshmau 
Damodar Lelc. 

Manganem: 

P. b. 

110 

2:{rd Pebriiary, 
1015. 

Do. 

Do. 

(246) Kagpur MauganuHo 
Mining Syndicate. 

Do. 

P. 1,. 

30 

Uth January, 
1915. 

Do. 

Do. 

(240) Do. 

Do. 

P. 1. 

67 

Do. 

Do. 

Do. 

(250) Mr. Bainkrlsluia- 
purl Gosai. 

Alangancse and 
Coal. 

P. ],. 

405 

27th January, 
1015. 

Do. 

IV. 

Do. 

(251) Do. 

(252) Mr. Lakshman 
Damoilar Lelc. 

Manganese 

Do, 

P. L. 

P, L. 

75 

157 

26th June, 
1016. 

4th June, 1016. 

Do. 

Do. 

Do. 

(253) Kogjpur Haiigoncsu 
Mining Syndicate. 

Do. 

M. L. 

11 

18th Mardi, 
1015. 

3 yeuB. 


P. lACetwe, M. L.=J/t»i»*{r Lme. 
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DISTRICT. 

Orantco. 

Mineral. 

Nature of 
grant. 

Ania 
in aoro». 

Date of 
coniinenco- 
luent. 

Term. 

Nagpur 

(254) Messrs. Gorodntt, 
(lanesliliil and M. 
JI’CkiHta. 

Afanganeso 

P. L. 

103 

7th May, 1016. 

1 year. 

Do. 

(25.5) Ttamkrishnapuri 
(iosal. 

Do. 

1 P. L. 

1 

47 

201.11 May, 
1915. 

Do. 

Do. 

(2!56) Do. 

Galena 

P. L. 

184 

25th June, 1015 

Do. 

Do. 

(257) Nagpur Mnngaiu’se 
Alining SyndieaD-. 

Alangaiiese 

At. L. 

127 

IRth March, 
1015. 

5 years. 

Do. 

(258) Do. 

Do. 

Al. L. 

4« 

Do. 

Do. 

Do. 

(2.51)) Air. Asaram Clinn- 
draldian. 

Do. 

P. L. 

1)4 

30th June, 
11)15. 

1 year. 

Do. 

(200) Mr. T.ak.shinnn 

DaiiKKlar l.ele. 

Do. 

P. L. 
(renewal). 

1.10 

Isi. Mn,v, 1016. 

J)o. 

Do. 

(201) Air. H. Lakshnian 
Jtao Nuidn. 

J>o. 

1’. J.. 

50!) 

0t,hJuI.v, 1016. 

Do. 

Do. 

(202) TIon’We Air. M. D. 
Dadablioy, I'.i.K. 

Do. 

P. L. 

207 

10th Seplem- 
lM>r, 11)15. 

Do. 

Do. 

(20.')) llao Saliili i). 
Jjiksiitninarayau. 

Do. 

Al. L. 

03 

20th July, 
1015. 

5 years. 

J)o. 

(204) Air. Alohanlai Kalar 

Do. 

P. L. 

4 

loth Septein* 
iK-r, 1015. 

1 y<‘ar 

Du. 

(205) Klian Diiliailnr 
iiyraniji iVstonji. 

Do. 

P. L. 

002 

27th Septem- 
lier, 1015, 

Do. 

Do. 

(200) Indian Manganese, 
Do., I.td. 

Do. 

P. L. 

248 

10th Septein- 
licr, 1016. 

Do. 

Do. 

(207) Dalin Madlmlal 

Dugar. 

Do. 

P. L. 

1,013 

3rd Novem- 
lK<r, 1015. 

Do. 

Do. 

(208) (losai llainkrishna- 
]>uri. 

(ialena 

P. L. 
(renew.al). 

125 

13th Oetolier, 
1015. 

0 mouths. 

Do. 

(200) Do. 

Do. 

P. L. 

18 

Do. 

Do. 

Do. 

(270) Do, 

Do. 

P. L. 

33 

Do. 

Do. 

Do. 

(271) Aleasrs. Oon'dutt, 
(inneshlal and M. 
D’Costu. 

Manganese 

P. L. 

720 

5tli November, 
1015. 

1 year. 

Do. 

(272) Afi'ssrs. Rnmprasad 
and ].akHlimluaraynn. 

Do. 

P. L. 

103 

11th October, 
1015. 

Do. 

Do. 

(273) llai Daiuulor liansi- 
lal Aiiirehaiid Alliung 
Hyiidicatc. 

Do. 

P. L. 

147 

0th October, 
1015. 

Do. 

Do. 

(274) AfpssTH. Dalibbadra 
and Maiinnliii. 

Do. 

Al. L. 

10 

11th Novem- 
l)pr, 1016. 

6 years. 

Niinar 

(275) Itao Bahadur Baja- 
ram Hilarani Dlksliit. 

Lead, Copper and 
Silver. 

P. L. 

358 

Oth Octoticr, 
1016. 

1 yitar. 


P. L.—Pwspfrtiwff lAceme. M. h.—Mining Lease. 
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DtHTiUOT. 

Orantco. 

Mincrul. 

Vcotnial 

(276) lIoiiMjlc.SirKoKtni^ 
chaiid Uagtt, K.C.I.Ji. 

Cuul 

1)0. 

(277) HoirWi! Mr. M. B. 
Badiibhoy, (/'.T.li:. 

Do. 

lio. 

(27H) Du. 

Do. 

J)o. 

(27!)) Miilla lliuian All 
KiiMiublioy. 

Jy). 

1)0. 

(280) Ilon'Iili' Mr. Al. B 
Dadabhuy, (.‘.I.K. 

Do. 


ifut.iiri' of 
Kraut. 

Aron 
in ar.n-H. 

Dab* of 
COnilllCIKH!- 
inviit. 

Turni. 

1*. L. 

8,710 

.'•til May, IDl.'i. 

1 year. 

1*. L. 

t 

5,217 

5tli Marcli, 
1!)1.'>. 

Do. 

r. b. 

2,M2 

Do. 

Do. 

I', b. 


1811) Marr.h, 
1015. 

Do. 

1’. L. 

.i72 

lOlli Oflolior, 
1015. 

!)<•. 


MADUA8. 


lli-Ilary 

• 

(281) A. 1). SniiilcrM, Kw)., | 
MiiiiiiK I'iliKluoiT, j 

BainundniK. j 

Maiigiiiit'M. am! 
Jroii-orcs. 


1*. L. 

4(r.HI 

21 Ht Sc|il.')ii- 
bi-r, 1U15. 

1 ynn. 

Kuruool 

• 

(282) A. (lluwi!, liatj. . j 

Di.'inioud 

. 

M. 1.. 

C. 15-42 

15lli UctolH.<r, 
)!)14. 

30 years. 

Kvlluro 

• 

(2K») M.B. K). M. K. M. ' 
A. Suliruhiiiauiyaiu . 

I’hettiyar. ! 

Mica . 


M. L. 

2.1 2.1 

5tli AiigiiHt. 

lull. 

31) years. 

Do. 

• 

(284) H. Itniiianina, | 

widow of Kal4-iu llodtli, 
IVllclial Kvddi. | 

Do. . 

• 

M L. 

2i-7() 

Ji*! Oclolxir, 
lUM. 

Do. 

Du. 

• 

(285) KImii Baliatliir 

Muhaniinod Sufdar . 

Hiitiaiii, Kliaii 8aliib. 

Do. 


!•. 1.. 

20-78 

1st March, 
JUI&. 

1 year. 

Do. 

• 

(286) Do. . 

Do. . 

• 

1*. I,. 

8.i-70 

Do. 

Do. 

Do. 

• 

(287) M. 11. Ity. Kaliolmti 
Pcnchalu Itcddi. j 

Do. 


P. 1.. 

17 7(i 

]>f). 

Do. 

Do. 

• 

(288) llajrt! lUnhainniatl 
lladahii Sahib & t‘u. 

J)o. 


M L. 

M2 

1st April, JUlii. 

30 ye UK, 

Do. 

• 

(28!)) Kmibaka Vonkali- 
raiiii lieddi. 

JKi. . 

• 

M. L. 

8-sr> 

Do. 

20 years. 

Do. 

• 

(200) (lurjala Hubruiiiu- 
luaiu. 

Do. 


M. J.. 

88 7!) 

Do. 

30 years. 

Do, 

• 

(201) Bulakavi Pedda 

Clianchayya. 

Do. . 

• 

M. L. 

;ii-.57 

Ist March, 
1!I15. 

Do. 

Do. 

» 

(202) A. M. JeovunluoA 
Co. 

Do. . 

■ 

P. L. 

07-22 

15th August, 
1U15. 

1 year. 

Do. 

• 

(29:i) Messrs. F. F. Cilitcis- 
tien & Co. 

Do. . 

• 

P. L. 

88-»l 

15 th .liinc, 

1U15. 

Do. 

l>o. 

• 

(204) P. K. Vengama 
Nuyudu. 

Do. - 

• 

P. L. 

)3-40 

lotli August, 
1U15. 

Do. 


P, I'rosi'eaiim Liceiue. M. Lease. 
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District. 

Grantee. 

Mineral. 

Nature of 
grunt. 

Aren, 
in acres. 

Date of 
commence¬ 
ment. 

I 

Term. 

Ncllore 

(2D5) S. Guana m u t h n 
Kadar. 

Mica . 

M. l: 

2-27 

4tli August, 
1915. 

20 years. 

Do. 

(290) K. Pcnchaln lie.Idl 

Do. . 

r.L. 

20-50 

20th Novem¬ 
ber, 1915. 

1 year. 

Do. 

(297) Messrs. F. P. Chres- 
tiun & (.' 0 . 

Do.. 

P. L. 

52-00 

6tb August, 
1915. 

Do. 

9aloni 

(29R) Messrs. Gaudart & 
Go. 

Iro.i-oro . 

M. L. 

4,209 

Hill October, 
1914. 

30 years. 

Do. 

(299) Messrs. Hajec 

Ismail Sait and Sons. 

tftagiiesite . 

i 

P. 1,. 

1 

1 

258-41 

2Gth .lanuar)’, 
1915. 

1 yo.ir. 

BoiiMi 

r«narn. 

(.TO) Mr. T. ]*into 

Cnninduni . 

M. 1. 

1!)0'02 

l.st Septemlwr, 
1915. 

30 years. 

Tlnnovelly . 

(201) A. Sankarakumani 
Chettiyarof Kottar 
Magarkoil. 

Garnet Sand . | 

P. L. 

2-10 

9th March, 
1915. 

1 year. 


NORTH-WEST FRONTIER PROVINCE. 


Hazara 

(202) Messrs. T. If 

Chuhar Ui and Hons, 
Hankers, Abbuttuluid. 

Cool . 

P. L. 

1 

11-76 

2.')th May, 1915. 

1 year. 

Do. 

(202) Do. 

rs>.id. . . 1 

i ' 

I P. L, 

1 

0-14 

4th December, 
1915. 

Do. 


PUNJAB. 


Atiuck 

(204) Attook Oil f'onipnny 

Oil . 

. 

P. L. 

040 

10th June, 
1015. 

1 je**'- 

To. 

(.205) 

Do 

Do. . 

• 

P. J.. 

2,880 

17th Aiipst, 
1915. 

Do. 

Do. 

(200) 

Do. 

Do. . 

• 


15,300 

Do. 

Do 

Do. 

(207) 

Do. 

Do. . 

• c 

EBB 

2,500 

Do. 

Do 


P. Jj,--Pntpecling Lieeme. M. Ji,’=Afinitv Leaif, 
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SUMMAKY. 


Provinces. 

Prospecting 

liicenwM, 

Mining Leases. I 

1 

Total of each 
Province. 

.. 

3 

1 

i 

3 

naliichiatsn. 

•• 

’ ; 

7 

.. 

1 

.. 

1 

Iiiliiir and Oilssa .... ... 

13 

2 

15 

llurma., . . . . 

147 

3 

150 

(Viitral l*rovlnce8. 

KO 

24 

104 

Madras ....•••••• 

11 

10 

21 

North- West Frontier Province. 

2 


2 

I'niijub. 

4 

1 

•• 

4 

Totsla lor eich Mad and Ursnd Totnii 19IS .... 

SCI 

4(1 

307 

TOTAIi fob 1014. 

' 30!> 

1 

53 

i 363 
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CLASSIFICATION OF LICENSES AND LEASES. 

Table 35. — Prospering Licenses granted in Assam during 1915. 


1016. 


District. 


No. 

Area in 
ocrus. 

Mineral. 

Khasi and .laintia Hills . 

• 

1 

1 

12,704 

1 

Caold and curtain other 
allied minerals. 

Do. . 


1 

12,7<H 

'Pin and wolfram. 

Do. . 

• 

1 

8,160 

1 

Oold. tin and curtain other 
minerals. 

Total 

• 

3 

• • 

1 


Table 36.— Mining Leases grarUed in Baluchistan during 1915. 



1915. 

DrSTBtCT. 





No. 

Area in 

Mineral. 



acres. 


i 

Kalat ..... 

1 

80 

Coal. 

(jiietla. .... 

1 

169-76 

Do. 

Sibi ..... 

2 

160 

Do. 

Zhob ..... 

3 

210 

Chromite. 

Total 

7 



Table 37.— Prospecting 

License granted in 

Bengal during 1915. 


1915. 

District. 





No. 

Area in 

Mineral. 



acres. 


Chittagong 

1 

4,000 

Mineral oil. 
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Prospecting Licenses. 


Uazaribagh .... 

1 

i 

I 8<) AIi,!a. 

Palamau .... 

1 

b.llU Coal. 

Sambalpur .... 

1 

882-78 Mica. 

Singhbhum .... 

1 

8-5 ; Cold. 

Do. ... . 

1 

320 Gold, manganeso and 
bauxite. 

Do. 

4 

496-40 Manganese. 

Do. 

1 

1,267-2 Iroti-orr 

Do. 

3 

6,684-56 Chromite. 

Total 

13 



Mining Leases. 


Sambalpur .... 

1 

720*2 

Coal. 

Singhbhum .... 

1 

2,035-20 

Iron-ore. ' 

Total 

1 

2 

• • 



£ 
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Table 39. —Prospecting Licenses and Mining Leases granted in Burma 

during 1915. 




1915. 


JJlSTBK'T. 

No. 

Area in 
acres. 

Mineral. 


Prospecting Licenses. 


AkvabJ 


1 

3,520, 

Mineral oil 

Ainhersl 


7 

8,477-(> 

All iiiiuerals (<!xeept oil). 

Df). 


1 

510 

Tin, wolfram, gold, silver, 
copper and antimony. 

Hliiitmj 


1 

r>,i) 17 

All minerals (except oil). 

Kailia 


o 

7,090-80 

Tin, wolfram, gold, silver 
and copper. 

lio. 


1 

900 

Zme, load and silver. 

Do. 


1 

23,508-04 

Tin, wolfram, silver, 
copper, lead, zinc and 
gold. 

Kyauksc 



11,893 

All minenils (e\ce]>t oil). 

Ldwer (!tiiiiclwin . 


2 

i 

2,910 

Copper, tin, lead, zinc, 
silver and gold. 

Do. 


1 

1,410 

Cojiper. 

Ma^we 


1 

2,240 

Mineral oil. 

Mere'll i 


:{5 

17.851-70 

All minerals {o.xceiit oil). 

Minbu 


M 

0,391-00 

Mineral oil. 

Myin^fyan 


1 

010 

Do. 

Myit-kyina . 


1 

1,110 

(iuld and ]>latinuni. 

Do. 



2,080 

Cold, platinum and allied 
metals. 

Do. 


1 

1,41)0 

Cold and other minerals 
(excejit oil). 

Do. 


2 

5,581 

Cold. 

MorUieru Slmn States 


1 

3,200 

Cold, silver, lead, iron and 
zinc. 

Do. 


1 

2,.500 

(.'opiier, Calcna and allied 
nrinerals. 

I’iikokkii 


3 

1,042-83 

Mineral oil. 

I'roine 


2 

5,002j 

Do. 

Sa.^nin${ 

• • 

1 

3,190 

Do. 

Sliwebo 

• • 

1 

3,200 

All minerals (except oil) 

Southern Shan States 

• • 

11 

19,040 

Do. 

Do. 

• * 

1 

040 

Wolfram. 

Tavoy 

• a 

45 

02,812-29 

All minerals (except oil). 

Tliaton 

• • 

1 

1,000 

Wolfram. 

JJo. 

• • 

3 

1,064 

All minerals (exoopt oil). 

Thayetniyo . 

• • 

7 

18,400 

Mineral oil. 

Upjior Chiiidwin . 

• • 

1 

3,200 

Do. 

Total 

147 

• • 














Prospecting Licenses, 


Balagliat 



2+ ! 


' SlangJiiK’sc. 

lihnnilara 



1!> 1 


i Do. 

Chindwani 



2 ! 

:{,4i 1 

Coiil. 

Do. 



■i \ 

;{sr> 

1 MnngancMC. 

Jubbulporo 



1 i 


1 .MiingiiiWHC, gold, .silver 
and «'o|ii>«n’. 

Do. 



] 

1 

;si 

. Biiiixite. 

Do. 



2S1 

I Iron a.'id lianxii.e. 

Nagpur 



JS 

.7,:i02 

!Vli\figiiii(‘sf. 

Do. 



1 

4()r» 

Miuigimosc and ooal. 

Do. 



4 

.{tiO 

(<'il< iin. 

Nimar 



1 


|j("id. and silver. 

Veotmal 


Total . 

,'i 1 

SO 

1 

2o,!»r»o 

‘ Coal. 

i 
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Tablb 40.— ProB'pecting Licenses and Mining Leases granted in the 
Central Provinces during J915—contd. 



1915. 

Distoiot. 

No. 

Area in 

Mineral. 


acres. 



Mining Leases. 


Balaghat .... 

4 

727 

Mauganesc. 

Bhandara .... 

» 

375 

Do. 

Chanda .... 

4 

2,135 

Coal. 

Chhindwara 

1 

789 

Do 

Do. 

3 

207 

Manganese. 

Jnbbulporo .... 

2 

2.39 

Bauxite. 

Do. .... 

1 

55 

Manganese and iron. 

Do. 

1 

76 

Soapstone. 

Nagpur .... 

5 

266 

Manganese. 

ToTAIi . 

24 

• - 


Table 41.— Prospecting 

Licenses and Mining Leases granted in 

Madras during 1915. 



1915. 

Distbict. 

No. 

Area in 

Mineral. 



acres. 

Prospecting Licenses, 


Bellary .... 

1 

46-30 

Manganese and iron>oreB. 

Nellore .... 

8 

439-70 

Mica. 

Salem . ... 

1 

358-44 

Magnesite. 

Tinnevelly .... 

1 

2-10 

Garnet sand. 

TotaI. . 

11 

• • 
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Paet 3.] Hayden: Mineral Production, 1915. 

Table 41. Prosjtecting Licenses and Mining Leases granted in 

Madras during 1915 —contd. 


Disteiot. 

1915. 

No. 

Area in 
acres. 

Mineral. 


Mining Leases. 


Kurnool .... 

1 

54.542 

Diamond. 

NelloTB .... 

7 

IHIKI 

Miea. 

Salem ..... 

1 

; 4,:{c.9 

Iron-ore. 

South C!anara 

1 

190-02 

(lornnduMi. 

Total . 

10 

\ 

i 


Table 42. — Pros'jiecling Licenses granted in the North-West Frontier 

Province daring 1015. 



191/5. 


Disteiot. 

1 

j 

No. 

.. .. 

Ar«'a in 

Mineral. 

I 

1 

acre's. 


Hazara .... 

] 

ll-TO 

Coal. 

D o« ■ « • • • 

1 

O’ 14 

Lead. 

Total . 

2 



Table 43. — Prospecting Licenses granted in the 

Pan/jab during 1915. 


1915. 

District. 

No. 

i Area in 

Mineral. 


acres. 

1 


Attock .... 

4 

21,440 

Oil. 
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FLemingostrea, an eastern group of Upper 
Cretaceous and Eocene ostrejdje: with 
DESCRIPTIONS OF TWO NEW SPECIES. BY ERNEST 
W. Vredenburg, Superintendent, Geological Survey 
of India, (With Plates 17 to 20.) 

I N their description of the lainellibranchiata forming the second 
instalment, shortly to be published, of their monograph on the 
lower eocene fauna of the Ranikot of Sind, Messrs, (^ossnian and 
Pissarro have recordtjd, under the name of Osfrea Haffdeni, a species 
related to the remarkable Ostren. Flemingi d’Archiac and Haime, 
from the middle eocene of the Salt Range. In addition to the 
form described by our distinguished colleagues, 1 have noticed, 
amongst some stray sjiecimens, another species of ihe same group 
which had c'acaped their attention and which is described below as 
Ostrea Kalhma. A comparison of all these forms with the avail¬ 
able material in the hands of the Geological Survey in Calcutta 
indicates that they are related also to another remarkable species 
discovered by Dr. Noetling in the upper Cretaceous of the Des 
valley in Baluchistan {Gen^eral Report, G. I., 1898-99, p. 55). 

Tlie characters common to all these species are; a small or 
medium size, a tendency to an equilateral shape, with concentrically 
foliaceous valves never greatly contrasted and often quite similar; 
there is no distinct trace of a surface of adherence; the umbo 
is small, subcentral, cx(»gyroid only in its embryonic portion, the 
hinge small, the muscular scar transverse inferiorly and posteriorly 
situated; the pallial punctations and erenulations are feeble or 
absent. 

These thin-shelled forms with their small umbo, and their 
transverse muscular scar inferiorly and posteriorly situated, can 
scarcely find [)lace in the sub-genus GrypJima or any of its sections. 
They do not exhibit any resemblance to Gryphcea s. str., the type 
of which is Gr. awjulaia Lamk., which is very inequivalve with 
a very prominent spirally coiled umbo in the left valve. They 
are not in any way related to Pycnodonta, the type of which is 
the ponderous Gryphim vesicularis and which includes extremely 
inequivalve forms with pronounced pallial pits and erenulations, 
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and with an orbicular muscular scar situated at a considerable 
distance from the inferior margin and often subcontral. It seems 
that they might be conveniently grouped tog(‘thcr in a sub-genus 
Fhmingostrea of which Ostrea Flemmji, may be taken as the type 
and which might include the following species :— 

Oslrea Morgani n. sp. 

„ Uaydeni n. sp., Clos.smaiu\ and Pissarro. 

,, Kalhom, n. sj). 

„ Flemiwji d’Archiac and llahne. 

Ostrea helerocliUi Defrance, from the Tlianotian and Sparnacian 
of the Paris basin, also occurring in the lowest beds of the upper 
Ranikot in Sind, may also belong to tins group, tliough it seems at 
times, yet by no means generally, to he fixed by a Jather large surface 
in consequence of its gregarious habit, while the other species 
above-named are remarkable for the absence of any visible point of 
attachment. 

The oldest species, 0. Morgani, occurs in the uppermost zone of 
the Macstrichtian of Paluchisfan in the last horizon with abundant 
ammonites. Oslrea Kalhora and Ostrea Uandeni occur in the lower 
eocene (Hanikot) of Sind, while O. Fleniingi occurs in the Salt 
Range in beds of Laki age, and has been met with in strata 
probably of the same age in 'L'ibet. 

The propostxl sub-genus, or section, Fletningosirea does not 
appear to have survived the eocene. It was already in existence in 
Upper Cretaceous times. The ancestry of those curious forms 
should therefore be sought somewhat lower in the Cretaceous. 
Amongst all the ('retaceous forms described by Coquand, tbe only 
one that appears to exhibit some rcst'mbianco to the fossils here 
described is O. Bowgnigmli Ccxiu. from the Santouian of h ranee 
and of North Africa (especially the spccmieus illustrated on PI. AAl 

of Coiniand’s monograph). •, i i c 4 . 

0«lr« Morgani aud 0. JuiVnm aiT h.-ro d(«nl.«l for the first 

time, and it has been thouglit useful to have 0. Ikmvmjr figured 
0sll 

OsTKEA (Flemingostkea) Moroani n. sp. 

PI. 17, 18. 

1809. OdtfU sp., NootUng, 0 «m. Rep. G. S. 1. for 1898-9.), p. m. 
Descrijdion.—Small to meilium, equilateral, broadly triaugu ■ t, 
with pointed umbo on either side of whioh tho approxuuatoly recti- 
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linear margins converge towards the apex at an angle of about 76° to 
78° while inferiorly they are joined by a rounded curve with the 
greatly expanded inferior margin. The left valve which is more 
convex than the right and which shows no trace of a surface of 
adherence is raised along its median region into a roof-shaped swelling 
often bordered by a broad groove on one side, more especially the 
posterior side, or on both. This structure affects the lower margin 
in such a manner that the junction of the valves exhibits a sinus 
analogous to that of a brachiopod. The right valve, on approaching 
the inferior margin, often shows a broad depression corresponding 
with the roof-shaped swelling of the left valve. Both valves 
are similarly ornamented with numerous slightly wavy, concentric, 
foliaceous lamellse. The foliaceous structure is especially conspicuous 
in the case of the specimens collected in the uppermost Maestrichtian 
of the Des valley. The collections from the same horizon at Mazar 
Drik have yielded a solitary specimen of a left valve remarkable for 
the wide spacing of the concentric ripples, a peculiarity which seems 
partly due to the mode of fossilisation ; the outer surface is less 
exfoliated than usual, so that the layers of growth which increase 
the wrinkled appearance of weathered specimens have not been 
exposed. The umbo, in either valve, is small convex only at its 
apex where it may be slightly exogyroid, often more prominent in 
the left valve than in the right. The ligament surface of the 
left valve is tall-triangular, more or less deflected backward at its 
apex, with a gently concave ligament pit somewhat broader than 
either of the raised borders. The hinge of the right valve is shorter 
with an extremely shallow pit. The pallial line is distinct, quite 
close to the margin of the valves. Pallial pits and crenulations are 
visible in the neighbourhood of the bgarnent, but tend to disappear 
in full-grown specimens. The muscular scar is well marked, very 
elongate, transverse or only slightly oblique, posteriorly situated a 
little nearer to the inferior margin than to the hinge. 

Dimensions .—The approximate dimensions of some left valves 


are:— 


Height. 

Length. 

li • • • • 

• 

40 mm. 

46 

2 • • • • 

• 

34 mm. 

37 mm. 

There are no full-grown 

specimens with 

united valves; the 


immature specimens are not so broadly triangular as the full-grown 
ones. An immature specimen with united valves has a height of 
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27 mm., and a thickness of 15-5 mm. across both valves. Another 
specimen with united valves has a height of 28 mm., length of 26 
mm., thickness of 11 mm. 

Comparison with other species.—This species bears the closest 
resemblance to 0. Kalhora and 0. Fkmimji, from both of which 
it is distinguished by its triangular shape and usually its some¬ 
what more crowded foliaceous lamellae. It also lacks the distinct 
radial ornamentation and the spines of 0 . Kalhora. 

Occwi'/'e?ice.^~This interesting fossil was discovered by Dr 
Noetling in the last ammonite zone (with Indoceras haluchistanense, 
Sphenodiscus ubaghsi, etc.) of the Mari hills (zone 20 of the Des 
valley section, and in the equivalent zone 13 of the Mazar Drik 
section), in beds which may be regarded as belonging to the upper¬ 
most zone of the Maestrichtian 


OsTREA Kalhora ^ n. gp. 

PI. 19 ; PI. 20, fig. 8. 

Description. —Of medium size, usually fairly regular for an ostreid 
shell, orbicular to vertically oval, equilateral, inequivalve; excep¬ 
tionally it may be elongate and deflected somewhat like an Ea:o(/yra. 
Umbo very small, scarcely projecting be}miid the margin, with the 
embryonal portion strongly recurved backwards in exogyroid fashion. 
Cardinal margin sometimes straight and of moderate, length, or else 
declivous on either side of the umbo. Uj) to a vertical measurement 
of about 20 to 24 mm., the shell has a flat, orbicular, fairly symme¬ 
trical, somewhat pecten-like shape, and is approximately equivalve. 
With increasing dimensions it rapidly assumes a shape analogous to 
that of many brachiopods, the pallial margin of the left valve becom¬ 
ing strongly arched along the umbonal-pallial axis from which the 
anterior and posterior regions of the valve slope steeply, the disposi¬ 
tion being correspondingly inverted in the right valve, whose 
inferior region is apt to assume a tongue-shaped elongated outline. 
The outer surface of the left valve is ornamented with concentric 
lamellae raised and frilled along their margins ; they are distributed 
at intervals of about 3. or 4 mm., and are somewhat less pronounced 
in the umbonal region than in the zones of later growth. They are 


^ For a detailed account of the zmi il c-on4itution of the Upper Cretaceous of this 

region, see Jtec. 0. S. 1,. vol. XXXVI, pi>. 172-I7f«. , tj- n t 4 • 

* After the dynasty founded by the Balueh c hief Yar Miihamniacl Kalhora. During 
the waning of the Mogul power, the Kalhora princes ruled bind from 1 lOl to 178J. 
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crossed by radial tube-like ribs at intervals of 2 to 4 mm., generally 
much narrower than the intervening spaces, becoming especially 
pronounced at the periphery of each of the lamellse, and thus con¬ 
tributing to their laciniated appearance. In the neighbourhood 
of the cardinal margin they have a tendency to increase in bulk 
and to assume the shape of spinose processes, somewhat like those 
of the recent 0. Iiyotis Linn., which probably helped to anchor 
the shell which, otherwise, does not show any distinct indications 
of adherence. The ornamentation of the right valve is analogous, 
though the radial ribs are apt to be narrower and more delicate, 
and never show any tendency to develop into spinose processes 
as in the left valve. 

The ligamental surface which is comparatively small and which 
has the shape of a depressed triangle, consists of the usual rather 
shallow groove with the shape of an approximately equilateral 
triangle, between raised flat margins. At its apex, corresponding 
wnth the embryonic portion of the shell, the groove is strongly 
recurved backwards in a hook-like exogyroid fashion, though this 
feature is not conspicuous owing to its small size. The pallial 
impression is almost marginal; there are no pits or punctations. 
The muscular scar is inferiorly situated, rather deep, elongate 
transverse or very slightly oblique, close to the inferior margin in 
a thoroughly posterior position, its posterior extremity being almost 
adjacent to the posterior margin. 

Dimensions. —The following dimensions in millimetres w'ere 

measured on the four figured specimens :— 

Antero-postero diameter . . . . . 44 44 43 40 

Umbonal-pallial diameter . . . . . 48 46 40 45 

Thickness of united valves . . . . . 22 24 23 26 

Comparison with other species. —This species is related both 
to Ostrea Morgani and 0. Flemingi, especially the latter, but is dis¬ 
tinguished from both by its radial ornaments and spines. The 
shape also differs: 0. morgani is triangular instead of orbicular 
or oval, while 0. Flemingi is vertically more elongate and less 
terebratuloid. 

Occurrence. —^Upper Kanikot. It is the commonest molluscan in 
zone 3 at Jhirak (Vredenburg). It also occurs, generally of a smaller 
size, in zone 4 at Jhirak (Vredenburg K7,123) and north-east of 
Kotri (Vredenburg KI0,608, 612). 
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PI. 20, fi«8. 1—7. 

1864. OfArea Flemingi d’Archiac and Haimc, Drscr, nunini. Inde P 275 PI XXIII 
figs. 14-15. .... 

1916. Lioiitrea Flvniiruji d’A. and H. ; H. Douville, VaL Ind., New Series, Vol. V, 
Memoir No. 3, p. 41. 


Description, Small, oval, with .small pointed umbo, equivalve, 
convex, the left valve often more convex than the right and some¬ 
times raised in a roof-like fashion along its inferior margin, in which 
case the junction of the valves exhibits a terebratuloid sinus. 

Both valves are ornamented with wido-.spaced foliaceous con¬ 
centric lamcllse, the broad surfaces of which are quite smooth, or 
else frilled with scarcely perceptible radial folds best .seen near the 
raised border of the lamellae, especially of those nearest the umbo, 
and towards the margins of the shell. Exccjit for thosi*, occasional 
and, in any case, very feeble radial markings, the surface of the 
broad lamellae is normally quite smooth ; the fine crowded con¬ 
centric wrinkles intervening between the terminations of the main 
foliae as shown in some of dWrehiae and Haime's illu.stration.s are 
due to weathering and are apt to be developed more particularly in 
the right valve. The. umbo is small, pointed, more or less exogyroid 
in its initial stages ; it is either equally developed in both valves, 
or else that of the left valve projects furthest. The ligamental plate 
is small with the usual triangular, moie or Ie.s.s exogyroid ligamental 
pit in the loft valve ; its entire surface is almost perfectly flat 
in the right valve. The pallial line is close to the margin and 
indistinct. The pits and crenulations are not clearly developed 
even in the neighbourhood of the hinge. The muscular scar is 
elongate-reniform, po.steriorly situated nearer to the inferior margin 
than to the ligament. 

Dimensions .—The following arc the dimensions of four complete 
specimens :— 

Height Leugtli Thiekness lujroas 

united valves. 


1 . . . . 30nira. 23-.'5 mm. 10 mm. 

2 . . . . 31 24 „ 14 „ 

3 . . . . 31 ., 24 „ 11 » 

4 . . . . 31 „ 25 „ 16 •. 

Comparison icith other species .—This species is very closely 
related to 0. Kalhora from which it i.s distinguished by the feeble 
development or total absence of the radial ornamentation and. 
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the absence of the characteristic spines near the cardinal area of 
the left valve. The middle eocene species is generally more verti¬ 
cally elongate and seldom exhibits so pronounced a terebratuloid 
sinus as is almost invariably observed in the Kanikot form. It 
is evidently a mutation of the Ranikot species, and it is noticeable 
that the specimens from zone 4 of the Ranikot are somewhat 
intermediate between 0. Flemingi and the typical 0. Kalhora of 
zone 3, though still possessing the characters of the latter sufficiently 
distinctly to be united with it specifically. 

Occurreme. —D’Archiac and Haime’s types were collected by 
Fleming in the nuraraulitic beds of the Salt Range in the strata 
overlying the coal-seam of Dandot, whose age probably corresponds 
with the Laki (Lybian) of Sind. The collections of the Geologi¬ 
cal Survey include specimens collected by Fleming, Theobald, 
Wynne and Noetling, without any precise details of their geological 
horizons. Those collected by Noetling are labelled as coming from 
Ara. No locality is mentioned for any of the other specimens. 
The same species was obtained by Mr. Hayden in the shales and 
sandstones (no. 16) overlying the Alveolina limestone of Tibet, 


EXPLANATION OF PLATES. 

PLATE 17. 

Ostrea (Fkmingostrea) Morgani n. sp, 

Macstrichtian of tho Dos vallny, zone 20. 

Fiu. 1 a, 6. Left valve of an adult individual to show thi! broad triangular 
outline (ant^srior portion missing). 

Fias. 2 a, b, 3 a, b. Adult left valves showing terebratuloid sinus. 

Fias. 4. a, b, 5 a, b. Adult left valves showing the ligann»rit groove. 

Fig. 6 a —c. Sjiecimen with the internal cast of the right valve on which is 
seen the impression of the muscular scar. 

Fig. 7 a — d. Four views of a small specimen with both valves united. 


PLATE 18. 

Ostrea {Flemi)igostrea) Morgani n, sp. 

Figs. 1 to 6. Specimens from the Maestrichtian of the Des valley, zone 

20 . 

Fig. 7. Specimen from tho Maestrichtian of Mazar Drik, from the corre¬ 
sponding z ne 13. 

Figs. 1 a, 6, 2 o, 6, 3 a, 6. Specimens with valves united. 
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Figs. 4 a, h, 5 a, h, c. Right valvBs showing internal characters. 

Fig. 6 a c. Specimen with inner cast of right valve showing impression of 
the muscular scar. 

Fig. 7. I«ft valve with exceptionally wide-spaced concentric ornaments. 

PLATE 19. 

Ostrea (Flemingoslrea) Kalhora n. sp. 

Figs. 1 to 4. Specimens from zone 3 (probably Lower Cuisian) of the Upper 
Ranikot, Jhirak. (See also PI. 2(», fig. 8.) 

Fig. 5. Specimen from zone 4 (horizon of the “sables nummulitiques de 
Chiise ■’) of the Upper Ranikot, north-west of Kotri. 

Figs. 1 a — d, 2 a —c. Specimens with united valves showing terebratuloid 
sinus. 

Figs. 3 a, 4 a, h. Specimens writh united valves. 

Fig, 5 a, b. Loft valve showing internal characters. 


PLATE 20. 

Ostrea {Flemiiigosirea) Flemingi d’A. and H- 

Fios. 1 to 7. Si>ecimcns from the Middle Eooont» of the Salt Range. 
Figs. 1 o— e, 2 n — e. Different aspects of specimens with united valves. 
Figs. 3 a —c, 4 a —c, 5 a, b, 6 a, h. SiK^cimens with united valves. 

Fig. 7 a, b. Left valve hliowdng internal characters. 


Ostrea {Flemingoslrea) Kalhora n. sp. 
Upper Ranikot. Zone 3, .Ihirak. 

Fig. 8 a—c. Si^ecimcn of the dofloctcd-clongate race. 
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Records of the Geological Survey of India. [VoL. XLVTI. 
INTRODUCTION. 

I N this paper I shall record geological observations made between 
T^ng-yueh (Lat. 25° 2': Long. 98° 33' : Elevation 5,450 feet), 
and Ta-Ii Fu (Latitude 25° 42' : Longitude 100° 12' : Elevation 
6,700 feet),- the chief city and historic capital of Western Yiinnan. 
These places are 170 miles apart on the main overland route between 
Burma and Western China, a road which is nearly always followed, 
and which has been described repeatedly by many travellers across 
Yunnan during the last 40 years. Leaving T^ng-yiieh it proceeds in 
an easterly direction across the valley of the Shweli or Lung Chiang, 
and over the great Irrawaddy-Salween divide, through a pass at 
an elevation of over 8,000 feet. Thence it descends rapidly to the 
Salween or Lu Chiang, which it crosses at 2,200 feet and continues 
through the city of Yung-ch’ang Fu (Lat. 25° 7' ; Long. 99° 13': 
Elevation 5,500 feet) to thegorge of the Mekong, or Lan-tsang 
Chiang. From this point a general north-easterly direction is followed, 
across the watersheds of the Yung-p’ing and Yang-pi Ho’s, tribu¬ 
taries of the Mekong, until it reaches the high mountain wall of 
the T’sang Shan which borders the western shores of lake Erh Hai 
and rises to an elevation of 13,000 feet. No road crosses this range, 
and a wide detour is made leading through the gorge of the Hsia- 
Kuan Ho to Hsia-kuan, at the southern extremity of the Erh-hai, 
on the western shores of which^ 10 miles further north, Ta-li Fu is 
situated.^ 

In 1880 this route was rapidly traversed by the Polish geologist 
von Loczy, whose work is referred to below. 1 was able to under¬ 
take. two traverses to the north of the main route, the first across 
the Irrawaddy-Salween divide some 25 miles north of the point 
where the former crosses it, and the second from Yung-p’ing Hsien 
to Yim-lung Chou (Lat. 25° 48' : Long. 99" 21') and thence through 
previously unexplored country to Yang-pi, at the foot of the T’sang 
Shan. 

The other journey which I shall describe here led me to the south 
of T^ng-yiieh through Lung-ling (Lat. 24° 35' : Long. 98° 44' : 
Elevation 5,100 feet), and thence across the Salween to Shun-ning 
Fu (Lat. 24° 36': Long. 99° 57', Elevation 5,800 feet). Leaving 

^ The map appended to this report finishes near the Yang-pi Ho ; the few miles 
between this river and Ta-li Fu will be shown on another map to be published with a 
later paper in this series. 
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this city I crossed the Mekong and, travelling north-east and north, 
eventually reached Hsia-kuan again. Only one or two Europeans 
have previously attempted this route and it was geologically unknown 
until my visit. 

In the previous papers of this series I have given some idea of 
the difficult conditions under which the geologist is compelled to 
work in Yunnan, and in the areas with which J am concerned now, 
they were perhaps worse than elsewhere Rapid marching with a 
mule caravan over some of the most mountainous country in the 
world, deluged with rain for the greater part of the summer, with 
inaccurate small-scale maps, or no map at all, is not conducive to 
minute geological accuracy. Opportunities for revisiting a complicated 
section never occurred, for in Yunnan, when the daily stage is 
commenced, it must be finished, or serious troubles arise in connec¬ 
tion with the supply of food for man and beast. It is a land of 
immense distances, and as 1 had to c.over these in the shortest 
possible time, it will be seen that my geological observations are 
of necessity first impressions. On the other hand, the usual absence 
of dense vegetation and soil, is a powerful aid wdiich appeals forcibly 
to one accustomed to work in more tropical countries, and it is 
mainly owing to this circumstance that 1 am in a position to bring 
forward any results at all. T do not claim absolute accuracy for 
my notes or for my map, which are rather an attempt at broad 
generaUzations and nothing more, but T believe they are not 
without interest in yieldiiig some information about previously 
unknown or little known tracts in Western (’hina, and further, 
they will be helpful to the future worker wdio, at any rate, will 
not be handicapped by a total lack of knowledge, when surveying 
the same parts of the province in more detail than has falleti to 
my lot. 


Summary of Loezy’s observations. 

I give btdow a brief summary of Loezy’s observations made 
during his journey along the route between Ta-li Fu and Teng-yiieh. • 
The T’sang Shan range is composed of gneissose granite, augen 
gneiss, phyllites, chlorite, mica and quartz schists which dip from 
40°—45“ towards the east on the Hsia-kuan side, but towards the west 
at Ho-chiang-pu. Between this place and Yang-pi, bluish, calcite- 
veined limestones and yellow sandstones dipping west were cross^, 
and on the geological map which accompanies the report of Szechenyi s 
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expediiaon are shown as belonging to the old Paleeozoic limestone 
series, 

100 metres above the level of the junction of the Hsia-kuan and 
Yang-pi Ho’s, at Ho-chiang-pu, a high-level terrace was seen, 
which meets the bottom of the valley near Yang-pi. This valley 
is basin-shaped with gentle slopes, and is filled with lacustrine 
deposits of pebbles and clays in which lignite is found. Between 
Yang-pi and Yung-p’ing Hsien, that is to say for three marches past 
the villages of Tai-ping-pu and Huang-lien-pu, across the two ridges 
separated by the valley of the Shun-pi Ho, nothing but sandstones, 
clay schists, grits and an occasional limestone conglomerate was 
noted, usually with very disturbed bedding and even an induced 
schistose cleavage. Near Yang-pi the dip is north-westerly at 
15®—20°, but close to Yung-p’ing Hsien a south-westerly dip prevails. 
While the strata about the former place belong to the Huronian- 
Cambrian Nan Shan sandstones, or are perhaps similar to the old 
Palaeozoic flysch deposits, which were seen between Ta-chien-lu 
and Li-tang in Ssu-ch’uan, the rocks near Yung-p’ing Hsien bear 
more resemblance to the Mesozoic deposits of the provinces of S’su- 
ohuan and Kuang-hsi. Leaving the Yung-p’ing valley, which is 
also filled in with lacustrine deposits, the two saddle-passes between 
it and the Mekong were crossed. The first looks down on Sha-yang 
which lies in a little basin, and the latter leads over a mountain into 
the narrow valley of the river itself. The whole region is made up of 
steeply folded sandstone beds and clay schists, which near the river 
dip north-east at 30®—35°. These are compared with the Palajozoic 
flysch mentioned above, but on the section traverse which accom¬ 
panies Loczy’s notes the area is occupied by Permo-Triassic rocks, 
whereas the map shows a band of the Wu-tai (Huronian-Cambrian) 
formation between Sha-yang and the Mekong. 

On the right bank of the latter river at the bridge, imfossiliferous 
limestones alternate with sandstones and limestone conglomerates. 
Similar limestones were found as far as Shui-chai resting on diabase 
mandelsteins which occur with tuff beds and not in eruptive masses. 
At Ta-li-shao, a yellowish-grey, micaceous sandstone is interbedded 
with compact bands of bituminous limestone, from which badly- 
preserved specimens of the following fossils were obtained :— 

RroducHus sp. indet. {aff. latirostraius Howse). 

Spirifer cf, alatus Schloth, 
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From a grey ^ndstone a little further on badly-preserved spe¬ 
cimens of the fossils named in the following list were obtained i— 

Productus cf. semireticulcUus Mart. 

Spirifer aff. bisulcaZm Low. 

Entrochi, avnpU et cannati. 

Petraria sp. indet. 

Pleurodictyum sp. indet. 

These fossils according to Loczy are sufficient to prove the Car¬ 
boniferous age of the strata in the vicinity of Ta-li-shao. 

The road now climbs gradually to the pass which leads down to 
the Yung-ch ang Fu plain, and along it the interbedded sandstones, 
dolomitic limestones and tulTs are brought into contact with masses 
of diabase porphyry. The Yiing-ch’ang Fu plain is composed of 
lacustrine deposits. After leaving it to the south-west, weathered 
diabase porphyry underlies platey grey limestones, and dark grey 
bituminous limestones folded into a low syncline. 

The lower limestone layers contain :— 

Chonetes cf. papillonacea Phill. 

Orthotet^ (Streptorhyncm) crcnislrm Phill. 

Rhodoarinus sp. 

The upper bituminuous layers contain 

Productus Yiinnanensis sp. 

Productus cf. tum-idus Waag. 

Productus elegans McCoy. 

Orthotetes crenistria Phill. 

Zaphrentis Beyrichi Roth. 

These fossils are believed to indicate an Upper Carboniferous, 
if not a Permian age, for the rocks in which they are found. 

Beyond Ta-shih-wo older unfossilifcrous limestones occur, and on 
the descent to Pu-piao, plates of HemicosmUes and Caryocrinus were 
discovered in calcareous shales together with doubtful Silurian trilobite 
remains. The lower parts of the hills which surround the Pu-piao 
basin consist of diabase and olivine diabase with highly coloured 
shaly clays and tuffs. 

The western side of the lacustrine basin of Pu-piao is built up of 
limestones and diabase tuffs dipping to the west. Above the latter 
near Fang-ma-chang, a shaly limestone was found which was largely 
made up of fragmentary fossils amongst which was a Fenestella related 
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to F. Schumardi Bront. These limastones are considered to be Car¬ 
boniferous. 

Loczy’s journey across the Salween valley was so hurried that no 
reliable observations were made and he admits theuncertainty of 
his descriptions of this most complicated region. At the head of the 
narrow rock-bound valley which leads down to the river, brecciated 
limestone bands were seen which are succeeded by diabase tuffs, 
brown calcite-veined sandstones and bands of calcareous marl. All 
these rocks are very disturbed and folded, yet in general they 
appear to be vertically bedded. Between them the diabase seems 
to be drawn through in veins. The strike of the series from north 
to south is clear, and the correlation of the diabases and tuffs with 
the Carboniferous appears probable. Many of the limestones are 
siliceous and enclose bits of dense siliceous tuff in great quantity. 
On its left bank the Salween is bounded by limestone. Crystalline 
schists were found on the Irrawaddy-Salween watershed though 
the range itself is largely built of gneissose granite On the eastern 
slopes, shaly limestones and calcareous phyllites, with an easterly 
dip, alternate with one another. Quartzites, mica schists and 
phyllites seem to be folded into the gneissose granite. The Shweli 
valley is in gneiss, and at Kan-lan-chai there is a contact between 
gneissose biotite granite and the old crystalline schists.^ 


Notes on the Physical Geography. 

The area described in this paper between T^ng-yiieh and Ta-li Fu, 
a distance of only 115 miles as the crow flics, is furrowed by no less 

than three great river systems, the Shweli, a tributary of the Irra¬ 

waddy, the Salween and the Mekong, while the Yang-tze Chiang, 
and the head waters of the Red river of Tonking are found within 
distances of 40 miles on the north-east, and 15 miles to the south of 
Ta-Ii Fu respectively. 

T^ng-yiieh itself is situated on a branch of the Ta-ping which 

The Shweli enters the Irrawaddy near Bhamo in Burma, 

but within 12 miles measured on the map, 
though a much greater distance by road across the high granite 
plateau which lies between them, the Shweli is met with. 

Even so close to its source it is a large stream with a strong current 


^ Dib wiBsensohaftliohen Ergebnisse der Reise des Graf on Bela Szechonji in OstAsien, 
Vienna, 1893. VoL I, pp. 762-770. 
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flowing in a rocky bed some 50 yards wide, at an elevation of 4,200 feet 
where it is crossed by the main trade route. Looking up stream from 
the chain bridge suspended across the river, a well-marked series 
of high terraces can be observed both at the foot of the gentle 
slope on the west bank, and at that of the steeper one on the east. 
To the south of Kan-lan-chai as far as the Man-lu bridge, elevation 
4,000 feet, which I crossed between Teng-yuch and Limg-ling, the 
course of the river is directly south, and it is closely hemmed in on 
the cast by the Irrawaddy-Salween divide from which it do^ not 
receive any important tributaries. Near Man-lu, it turns to the 
west, and soon afterwards assumes a general south-western direc¬ 
tion, through the Chinese 8han States of Mong Yang or Hsiao-luug- 
ch’uan, and Mong Wan or Lung-ch’uan, until it reaches the frontier, 
along which it flows between Keng-yang and Nam-hkam in Burma. 
Its larger tributaries, the Nam Hkwan on the east bank and the Nam 
Wan on the west, flow parallel to the parent stream, that is to say in 
a south-western direction for some distanc-c before joining it. 1 
have already given an account of the upper waters of this river in an 
earlier paper. ^ 

The great range of mountains which separates the catchment 
areas of the IrraAvaddy and Salween, is the 

SahJeen divWr * ** ** ^" marked geographical feature of We.stern 

Yiiiinan. Exactly how this immense moun¬ 
tain barrier arises between Eastern Tibet, Assam and Yunnan is not 
at present known, and it must suffice to state that to the far north 
of the are.a with which we are dealing, it seems tiiat there are no higher 
ranges to the west of it. Further south, that is between Lats. 25° and 
26°, it extends in a direct north and south line as an unbroken wall 
of peaks which attain altitudes of over 12,000 feet above the sea. 
But between Lats. 24° and 25°, the general elevation lessens and 
peaks of 8,000 or 9,000 feet arc the rule. Just to the north of Lat. 
24°, it is breached by the Salween, and still further south begins 
to lose its individuality, eventually disappearing into the compli¬ 
cated mountain system of the Eastern Burmese Shan States and the 
bordering trans-Salween districts of Yunnan. I crossed this range 
in three places, at Hsueh-shan-ting, elevation J.1,000 feet, to the east 
of Kun-lan-chai, elevation 8,900 feet, and to the east of Lung-ling, 
elevation 6,800 feet. The exact positions of these places can be 

* Ciontribution No. 1. The Bhamo-Teng-.viiph area. Bee., Oed. Surv. Iwl., Vol. 

XLra, Pt. 3, 1913, p. 181 . 
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seen at a glance on the map. The highest point in the range in 
this region is the Kao-liang-shan, which attains an elevation of 
nearly 12,000 feet about 10 miles to the north of Fdng-’kou, or Pass 
of the Winds, which leads the northern T^ng-yiieh—Salween valley 
track across the mountains. From it 1 have taken the name Kao-liang 
Series for the group of ancient slates and phylUtes which are infolded 
at the top of the range. 

The large rivers of western and north-western Yunnan, the Shwe- 

The Salween Salween, Mekong and Yangtze Chiang are 

even more remarkable than the mountain ridges 
which separate them, and it is doubtful if any other part of the 
world can show such large streams flowing in the same direction so 
close together. As Colonel Sir Sidney Burrard has remarked, “ The 
parallelism and proximity of the Yang-tze, the Mekong and the Sal¬ 
ween in their exits from Tibet are amongst the most extraordinary 
features of the earth’s land surface: each of these rivers drains 
a large area of eastern Tibet and on the surface of the plateau they 
flow at considerable distances from one another. But during their 
descent they bend to the east-south-east, and assume absolutely 
parallel courses, the Mekong in the centre being 28 miles from the 
Yang-tze and 20 miles from the Salween. Here there are three 
trunk rivers, each larger than the Sutlej, flowing through a mountain 
zone 48 miles wide.”^ 

North of Lat. 24° 30', the Salween receives no tributaries of any 
importance, for it is confined to a deep and narrow north and south 
running valley, bounded by high ranges which divide it from the 
Irrawaddy on the west and the Mekong on the east. Where it is 
crossed by the Tdng-yiieh—Ta-li Fu route the bottom of the Salween 
valley is 2,000 feet lower than that of the Shwcli and 1,700 feet lower 
than the level of the Mekong. The geological importance of these facts 
was first appreciated by La Touche who writes :—“ It may be remarked 
that the Salween, throughout its whole course, flows through Palae¬ 
ozoic or Archaean rocks, and, unlike the Irrawaddy or the Himalayan 
rivers, it does not issue into a broad plain composed of Tertiary or 
Recent deposits, but maintains the deep, rocky, trough-like cha¬ 
racter of its valley to within a few miles of the sea-coast at Moul- 
mein. It is much more eflective, therefore, as a denuding agent 
than either the Irrawaddy or the Mekong, for these rivers lose their 

^ Burrard and Hayden. “ A sketch of the Geography and Geology of the Himalaya 
Mountains and TibeV’ Caloutta, 1907-08, p. 127. 
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power of eroding the rocks where they issue into the plains, that is, 
at a much greater distance higher up their course, relatively speak- 
ing, than in the case of the Salween. To this cause may be attri¬ 
buted the gr^t depth of its valley as compared with those of the 
Mekong and the tributaries of the Irrawaddy, where these run pa¬ 
rallel to it in Yunnan.These considerations lead to the con¬ 

jecture that the Salween is of far greater age than either of the other 
rivers, and that the narrowness of its valley is due to the encroach¬ 
ment of these latter upon its original drainage area. It is perhaps 
only the great depth of the valley which has saved it from being 
diverted into one or other of the channels on either side of it.”‘ 

The bottom of the Salween valley V'^here I crossed it on the 
T^ng-yueh—^Yung-ch’ang Fu routt? is of a broad, one-sided shape, 
and the alluvial fans of numberless torrents running down 
from the divide, have formed a belt of gently sloping, though 
very low-lying ground deeply dissected by the small, swiftly 
flowing streams themselves. This ground which is cultivated in 
places by the Shans, runs along the western side of the 
valley for about 20 miles and merges imperceptibly into the lower 
slopes of the divide. To the south it includes part of the territory 
of the Shan State of Mbng-hkb, while to the north as far I could 
make out, the valley seemed to close in, and to become more like the 
Mekong gorge. In those regions it is inhabited by the savage Lisu 
tribes who have successfully resisted any attempt at exploration 
up to the present tinie. On the eastern bank of the river, that is 
the one corresponding to the steep side of the unequal V, quite 
different conditions prevail, and high limestone cliffs rise abruptly 
from the water, through which the torrents have cut narrow cafions 
for themselves instead of building out long alluvial cones. 

The valley has a most unenviable reputation amongst the Yiin- 
iianese Chinese who quickly succumb if they stay for any length of 
time in it. 

In spite of having no tributarie.s of any importance the summer 
rise of the Salween is enormous, as is clearly seen from the high water 
mark On the rocks which rise at its sidcA near the Lu-chiang bridge, 
where it is 120 yards wide, and from the great masses of the angular 
boulders with which its course is strewn. Not only is the river 
swollen by the melting of the snows in the highlands of Tibet, but 
it is flooded by torrential rains for hundreds of miles through its 

^ Mitn., Oeol. Surv. Ind., Vok XXXIX, Ft. 2, pp. 19-20. 
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Yiinnan course and fed by innumerable torrents, insignificant 
enough in the dry weather, but which must convey immense volumes 
of water to the parent stream in the rains. The drenching rainfall 
that deluges the valley in the wet season, has given birth to the 
primeval jungle with which it is thickly clothed, for with the excep¬ 
tion of the very summit of the divide where rhododendron scnib is 
found, the slopes arc (jovered with dense tree growth which is not 
without a potent influence on g^logical structure. 

Kingdon Ward’s recent explorations have shown that the jungles 
of the Salween, give place abruptly to arid gorges above Lat. 28°, 
and that it is possible to pass in a day from a region where it rains 
practically every day for six months in the year, to a strip of country 
about 2 miles wide where the annual rainfall docs not exceed 10 
inches, and may be much less. The high, snow-clad peaks of the 
Irrawaddy-Salween divide check the rain-bearing winds from the 
south-west, and act as a rain screen to the valley further north. 
Any clouds which succeed in passing this barrier drop their moisture 
not in the Salween trough but on the peaks of the Mekong-Salween 
watershed, which from an average altitude of lo,000—17,000 feet 
about latitude 28° rise suddenly to peaks like K'a-gin-pu from 20,000 
to 22,000 feet high. The Mekong-Salween divide in these regions 
acts as a second rain screen, and cuts oft not only moat of the 
rain from the Mekong valley but also to a great extent from 
the Mekong-Yang-tze divide. This clTect is best seen on the 
latter range which instead of being clothed “ with dense forests and 
waving meadows of alpine flowers, presents vast stretches of 
barren scree, towering pillars ()f naked limestone, grim rocky ridges, 
and an aspect so drear and bleakthat the scenery appals one.”^ 
The snow-line is said to stand at the unusuall}'^ high elevation of 
almost 19,000 feet. 

I also crossed the Salween near La-mAng, on the Lung-ling— 
Shih-tien route, but here the valley is (jonsiderably wider, though 
the same general features can still be made out. 

The valley of the Mekong is more like a true canon than that of 
the Salween, from which it is separated by a 

triblltaries**'®”® I^ngdon Ward has shown . that 

it too possesses an arid region which extends 
much further south than the corresponding one on the Salween, 
while the snow-line on the ridge which divides, them is much lower 

^ 7. Kingdon Ward, “ The Land of tlie Blue Poppy,’* Cambridge, 1013, p. 262. 
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than 19,000 f^t. The general character of the valley in the regions 
where I cross^ it can be seen from the photographs which accompany 
this paper. As a rule, steep or inaccessible cliffs rise straight from the 
water, and there is no room for the accumulation of alluvial deposits 
in its bed. Occasionally a small torrent does succeed in pushing 
out a little delta into the parent river, but it is doubtful if these 
exist through a flood season. The asymmetrical shape of the Salween 
valley, which is a direct consequence of its heavier rainfall, though 
perfectly evident in the latitudes in which 1 crossed it, apparently 
becomes more accentuated further north, and has resulted in a 
natural cutting back of its eastern watershed against the Mekong. 
Wards observations on the lomparatii^e volumes of the tribu¬ 
taries flowing to the two rivers mak«'.s this clear. Should the 
present peculiar conditions continue, the same writer's prediction 
of the lifial result wib certainly come to pass and the Mekong 
will be captured by the Salween “at some point south of the arid 
region, beyond which this great difference of precipitation is not 
found (lat. 29°), especially as it |the Mekong] already flows at a verv 
considerable elevation above that river."’ 

The Yung-ping, Bhun-pi and Yang-pi Ho’s are all affluents of the 
Mekong on its east bank, crossed between Yuug-ch’arig Fu and Ta-li 
Fu, each of them flowing in rather deep valleys separated by high 
ranges from its neighbours. The valley of the Yang-pi Ho is divid^ 
from the lake basin of Erh Ilai, on the shores of which the city of 
Ta-li Fu is built, by the lofty T’sang Shan range, which is breached 
near its southern termination by a tributary stream, the Ilsia-kuan Ho. 


List of Geological Formations. 

The following rock groups were met with in the areas imder 
description - - 


Nan Tien Series 
Red Beds Series 
Permo-Carboniferous 
Older Palaeozoic Limestones 
Pai-ma Beds and Shih-ticn Shales 
' r La-ra^ng Beds 

Pu-piao Scries.< Shih-tien Beds 
^^Pu-piao Beds 
£ao-liang System 


Pliocene, Pleistocene and Recent. 
Upper Permian and Low'cr Trias. 

) Devonian, Carboniferous and 
j Pei'inian. 

Silurian. 

^Ordovician. 

Cambrian and Pre-Cambrian. 


^ Kingdou Ward, loc, ciL, p. 267. 
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Gneisses and Granites of the Irra-^ 
waddy-Salween divide . . | 

Crystallines and Granites of the >Arch8ean. 

Shun-ning Fu area 
T’sang Shan Complex . . ^ 

(The age of the granites associated with the crystalline rocks 
is not known definitely.) 


Archsan. 

The term Archaean is used by different writers on Asiatic geology 
in many different senses though invariably applied to metamorphic 
and crystalline rocks of great age. It is necessary therefore to define 
the exact meaning given to the term here, and T find that it suits 
the local conditions in western Yunnan best to follow the definition 
adopted by Bailey Willis for the provinces of Shan-si and Shan-tung: 

“ The term Archaean is applied to a basal mass of gneisses and 

schists, .It is regarded as basal because it underlies all recognised 

groups and is separated from them by an unconformity of a most 
distinct and profound character ; moreover, it is fundamental among 
rock masses known at the surface because it is itself apparently 
bottomless. Nothing distinct from it and older than it has yet been 
identified.” 

The structural and lithological characters of the western Yiinnanesc 
Archajan are exactly those of the Tai-shan complex of north¬ 
eastern China. 

“ The rocks are chiefly metamorphic schists and gneisses of 
indeterminate original character : associated with them is a large pro¬ 
portion of metamorphosed igneous rocks and a very small propor¬ 
tion of metamorphosed sediments; and the metamorphics are in¬ 
truded by granites which are relatively young, though in large part 
probably pre-Cambrian. The structure of the gneisse.s and schists 
is exceedingly intricate; it is characterised by a universal schisto- 
sity; by a common banding; by complex shearing, thinning, thick¬ 
ening, plication and flow of bands ; and such intricate arrangement 
of the very variable petrographic facies of the schists and gneisses 
as makes impossible any structural study by usual stratigraphic 
methods.”* 


* Befieoxch in China, Vol. 2, Pt. 2, pp. 1*2. 
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Just as these lithological and structural peculiarities of the Tai 
Shan complex serve to distinguish it so unmistakeably from the oldest 
pre-Cambrian sediments of the Wu-t’ai system, so the Western Yun- 
nanese Archaean is marked ofE from the younger Kao-Iiang system, 
even though the latter is itself intensely metamorphosed. 

As it is impossible to deternune the exact age of the intrusive 
granites associated with the crystalline rocks, although they are 
doubtless in many cases much younger, it is convenient to classify 
them altogether, and following this method they may be grouped as 
follows :— 

The gneisses and intrusive granites of the Irrawaddy-Salween 
divide. 

The crystallines and intrusive granite of the Shun-ning Fu 
area. 

The T’aang Shan complex in the neighbourhood of Ta-U 
Fu. 


The first of these groups is really the extreme eastern limit of that 

Crystalline rocks of band of crystalline rocks which stretches 

the frontier area and of from the Burma-China frontier in the Bhanio 
*^*l^J*'™^®^‘*y*S®lween area as far as the Salween, and extends north for 

unknown distances. 1 believe that it will prove 
to be a direct continuation of the Mogok gneiss of the Northern 
Shan States. Between Bhamo and T^ng-yiieh the prevailing rock is 
a banded greyish-white gneiss of medium grain, composed of quartz, 
felspar and biotite. Garnet is the commonest accessory mineral 
and hornblende is usually absent. Variations in texture are often 
n)et with and the rock sometimes takes the form of a gneissose 


granite with large porphyritic, felspar crystals. Fine-grained am- 
phibole schists with or without biotite and biotite and quartz 
schists are also found associated with it. Crystalline limestones of 


a pure white or grey tint, and saccharoidal texture also occur. The 
intrusive granite of the frontier regions is either a reddish-white, 
or white, fine-grained, rock made up of quartz, felspar and biotite. 
It forms either intrusive dykes or large batholithic masses such as 
the one in the immediate neighbourhood of Teng-yiieh. 

In the higher parts of the Irrawaddy-Salween divide that 1 
crossed, the commonest type of rock was a fine-grained, banded, 
black and white mica schist, though muscovite, quartz and horn¬ 
blende schists also occur. The intrusive granite is a white variety 
with porphyritic felspars. Further to the south on the T^ng-yiidi 
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Yung-ch’ang Fu route, the lower western slopes of the divide are 
built of gneissose strata, but at higher elevations, fine-grained, 
biotite schists with thin alternations of quartz schist were found. 
Near the summit a gneissose granite occurs. Where the individuality 
of the great range commences to die down, that is still further to the 
south between Lung-ling and Chin-an-so, the granites are developed 
at the expense of the other crystalline rocks, which normally consist 
of fine-grained, biotite schists and white augen gneisses. Two varieties 
of granite were found, the first a coarse-grained kind which often 
showed indications of a gneissose structure, and the second, a finer 
form in thin veins, evidently of later age. The former was often 
pierced in all directions with thin quartz veins. 

The crystalline rocks around Shun-ning Fu consist of granite, 
gneisses and schists; the latter obtain their 
the^Shra-ntagFi'^irea?* gf^atast development iu the immediate vici¬ 
nity of the city, and extend for some 10 miles 
towards the north almost up to the Mekong. Both muscovite and 
biotite granites occur, though the former variety is by far the 
commoner. Mica schists and quartz schists with various kinds of 
gneisses build up the country between Shun-ning Fu and Yun Chou, 
some 20 miles to the south-east, but as this region lies beyond the 
area dealt with in this paper they need not be described here. 


The T'sang Shan range is a high mountain wall which rises to 
elevations of 13,000 feet on the western shoras 

crystalUne complex?***" f^neissose granite, gneisses 

and schists of various kinds make up the com¬ 
plex of which it is formed, but until the specimens which I col¬ 
lected have been examined, it is impossible to describe them in 
greater detail. 


The Kao-liang System. 

Between the crystalline rocks of the Irrawaddy-Salween divide 
and the oldest, undoubted Palaeozoic sediments 

The Kao-liang system there usually occurs a narrow band of phyl- 
oti the Irrawaddy-Sal- j i ^ j • i i 

ween dMde. “tes, quartzites, slates and an occasional cal¬ 

careous horizon, which I have already grouped 
together under the name of the Kao-Uang system. There is always a 
marked unconformity between it and the underlying crystalline 
rocks: for example, crossing the main divide by the T^ng-yiieh— 
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yimg-ch’ang Fu route, at the summit of the pass, the Archaean 
schists and gneisses suddenly give place to dark shining phyUites.i 
and there is no evidence to lead one to believe that a passage from the 
more metamorphosed and highly foliated series to the phyllites 
exists, the general impression being rather that the latter rest un- 
oonformably in a sharp synclinal fold of the former. Lower down the 
eastern slopes of the divide, silver-grey phyllites are interbedded 
with dark slates and bands of limestone. In the latter occurrence 
there is a marked difference from the Chaung Magyi system of the 
Northern Shan States, which otherwise they greatly resemble, for 
the former system does not contain lime in any form. The narrow 
bands found on the northern traverse across the divide broaden out 
further to the south, and near Lung-ling contain fine-grained, 
bluish and brownish, phyllitic slates with intercalated quartzites, 
while in the vicinity of Chin-an-so the ordinary lustrous grey phyl¬ 
lites traversed by numerous thin quartz veins are commoner. 

A band of rocks belonging to this system, at least 10 miles across, 

crops out iust beyond the Mekong on the 
of tte Me“o!ig reglM Yung-ch’aiig Fu—Ta-li Fu route, rising to an 

elevation of 9,000 feet and forming the water¬ 
shed between the great river and its tributary the Yung-ping Ho. 
Slates, talc schists, and bluish-white quartzites are the prevailing 
rock typas. In a direct line towards the south this band broadens 
out and fills in most of the country between Shun-ning Fu and Yung- 
ch’ang Fu, while much of the area coloured as undifferentiated 
strata on my map, between Wan-tien and Ta-mung-tung, may 
possibly be made up of them. As a rule they form broken, deeply 
dissected country covered with forest, for the soils from them are poor 
and never seem able to support much cultivation. Owing to this 
jungle growth and a thick overburden of soil, exposures are poor 
and it is impossible to follow them very far. The peculiar 
way in which these rocks weather, partly as a result of their 
lithological composition, and [)artly owing to the excessive metamor¬ 
phism which they have suffered having introduced a cleavage 
system that always shatters them, also makes geological observa¬ 
tions a matter of great difficulty, for they quickly break up into 
innumerable, tiny fragments which decompose into a hard, tenacious 
clay on exposure. 


* This outcrop is too small to be shown on the map, 
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La Touche was impressed by the resemblance between the Chaung 
Magyi rocks and the Shillong series of the 
Kao^UatvSyste^ Khasia Hills in Assam though he does not 

agree with Sir Thomas Holland and £. 
Vredenburg who correlate the latter with the Dharwars of the 
Indian Peninsula. He rather inclines to the opinion that they 
correspond with the Hu-t’o system of Western Shan-si and as such 
should be regarded as pre-Cambrian. The presence of calcareous 
beds in the Kao-liang system makes a similar comparison in their 
case even more favourable, though it is probable that when examined 
in detail they will be found to contain beds corresponding both with 
the Wu-t’ai and the Hu-t’o systems in part, and perhaps even with 
the Cambrian. 


The Pu-piao Series. 


Under this term I group together the Ordovician beds of Western 
Yunnan, the name being taken from the type exposure near Pu-piao, 
a small town between the Salween and Yung-ch’ang Fu. From this 
locality Loczy had already described certain cystidean plates, as 
mentioned in an earlier paragraph. 

Fossiliferous beds of this age were met with in three localities, 
Pu-piao, Shih-tien and La-m^ng, and a considerable number of 
horizons are represented, though I had no opportunity to do any 
detailed work upon them. Yet they have yielded rich faimas which,, 
described by Mr. Cowper Reed, have proved to be of considerable 
interest. 


In the type locality at Pu-piao the strata occupy a narrow band 
outcropping on the sides of the steep hill 
The Pu>plao beds. jjges to the north of the southern end of 

the Pu-piao plain. On the west they disappear below the meta¬ 
morphosed PalsBozoic limestones of unknown age which with the 
tuffs and lava flows and associated shales and limestones of Permo- 
Carboniferous age, build up that end of the valley, while on the 
east they are overlain by greyish, calcite-veined limestones of the same 
age. The rocks themselves consist of reddish-yellow, brownish- 
yellow and greyish-green, sandy shales or mudstones with bands 
of impure, hard, nodular limestone. 
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Th« following list of fossils has been supplied by Mr. Cowpw 
Reed, the names of^ new species are marked with an asterisk. The 
majority of the fossils come from the mudstones:_ 

Didymograptue Murchisoni Beck. 

Didymograptus Murchisoni var. geminus His. 

Didymograptua indentua Hall. 

Climacograptm cf. Scharenbergi Lapw. 

Echinoaphcara cf. aurantium Gyll. 

Protocrinua ? sp. 

Heliocrinua ? sp. 

Echinoencrinua sp. 

Caryoorinua cf. turho Bather. 

Pachydictyaf sp. 

Orthia Pumpellyi Reed.* 

Orthia {Encychdema ?) sp. 

Orthia sp. 

Streptia sp. 

Porambonites sp. 

Ctenodonta afE. medialis T71r. 

Conocardium sp. 

Raphiatoma sp. 

Conradclla sp. 

Hyolithea ci. CUDeiReed. 

Hyolithea ei. Loczyi Reed. 

Hyolithea sp. 

Orthoceraa sp. 

Remopleuridea a£E. latus Olin. 

Ogygitea yunnanensia Reed.* 

IlloBnus cf. ainuatua Holm. 

Illcenus cf. tauricomis Kut. 

Nileua armadillo Dahn. 

Nileus sp. 

Baihyurus Manauyi Reed.* 

Lichaa (Metopolichas) afE. verrucosus Eichw. 

Calymene unicornis Reed.* 

Phacops Martellii Reed.* 

Primitia sp. 

The most characteristic and abundant fossil from Pu-piao is 
Ogygiiea yunnanensia; Didymograptus Murchisoni and its variety 
geminua appear to come next in abundance and Orthia Pumpellyi 

0 
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seems to take the next place. Mr. Cowper Beed believoa that this 
fauna undoubtedly points to a Lower Ordovician age, and Miss Elies 
considers that the graptolites are a typical assemblage from the zone 
of Didymograptus Murchisoni. The other organisms are allied to 
or comparable with members of the North European faima of Ordo¬ 
vician times and scarcely any traces of an American element are 
apparent. The Pu-piao beds are therefore correlated with the 
Llandeilo beds of the British Isles. 

The Shih-tien beds which are perhaps a direct continuation of 

^ the Pu-piao beds to the south, though the 

The Sbih'fien beds. . / i. x u j 

intervening area has still to be surveyed, crop 

out on a hill side to the west of the alluvium-filled valley of Shih- 

tien. On the west they appear to be faulted against strata of Silurian 

age and on the east they disappear below the alluvium of the plain. 

For some miles to the south of the Shih-tien i)lain similar rocks are 

found, as can be seen from the map, and from their general lithological 

resemblance and on the strength of a few fragmentary fossil remains 

I correlate them with the Shih-tien beds. They are replaced 

further to the east by slates and mudstones of unknown age 

which I was unable to identify during the course of a single 

rapid journey across them. The Ordovician rocks of the Shih-tien 

hill consist of red, earthy limestones, massive, light grey, crushed 

limestones, greenish-grey limestones, greenish-yellow, hardened marls 

or calcareous mudstones, and dark, massive slates. The following 

list gives Mr. Cowper Beed’s determinations of my fossil collections 

from Shih-tien:— 

Sinocystis Loczyi Beed.* 

Sinocystis yunnanensis Beed.* 

Ovocystis Mansuyi Beed.* 

Pyrocystis orimtclis Beed. 

Eucystis cf. raripundata Ang. 

Echinospheera asiaiica Beed.* 

Echinospheera sinensis Beed.* 

Spheeronis lobiferus Beed.* 

Spheeremis shihtienensis Beed.* 

Heliocrinus fiscella Bather. 

Heliccrinus qualus Bather. 

Heliocrinus suhovalis Beed.* 

Heliocrimts cf. haUicus Eichw. 

Caryocistis hicompressa Beed.* 
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Camarocrinm asiaticus Reed. 

PhiUiedra sinensis Reed.* 

Hemipronites Giraldi Martelli. 

Hemipronites sp. 

Orthis Pumpellyi Reed.* 

Rafinesquina ? sp. 

Asaphus aff. expansus Linn. 

Illcenus ccBcoides Reed.* 
lUoentbS aflf. obhngatus Aug. 

IllcBnus aff. Schmidli Nieazk. 

Illcenus sp. 

Lichas (Metapolichas) cehrhin (Ang.) cf. var. coniceps H. V. 

Leucht. 

Calymene sp. 

Bellerophon {SinuUes) cf. ruguhsus Koken. 

Endoceras Wahlenbergi Foord. 

Endoceras cf. mncdlatum Eichw. 

Endoceras aff. Reinhardi Boll. 

Endoceras sp. 

Orthoceras regulate Schl. 

Orthoceras cf. Kinnehillense Foord. 

Orthoceras of. scabridum Ang. 

Orthoceras {Protocycloceras %) Daviesi Reed.* 

Orthoceras sp. 

Aclinoceras cf. Bigshyi Bronn. 

Jovellania sp. 

Cameroceras ? sp. 

Cyrtoceras sp. 

Spyroceras ? sp. 

Trocholites yunnanensis Reed.* 

Trocholites aff. macro'rn/phalus Eicliw. 


, Planctocerae sp. 

Tarphyceras sp. 

Mr. Cowper Reed in his notes on the age and relations of these 
forms points out that they occur in at least four different kinds of 
rocks, which is quite correct. There appears to he no defimte indi¬ 
cation that the difference in age of these beds is great and they all 
suggest the Lower Ordovician, especially stages B and ^. the Ur- 
thoLas and Cystidean Umestones of the Baltic provinces of Russia^ 

gome American Trepton or Chazy affinities are also indicated and 

C2 
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at least one of the species has been recorded from the Ordovician 
of China. It seems probable that the Shih-tien beds are on a some¬ 
what lower horizon than those occurring at Pu-piao which have 
3 delded the Didymograptus Murchisoni faima. Mr. Cowper Beed 
suggests that the Shih-tien calcareous beds which have yielded most 
of the cystideans are perhaps a lenticular patch of limestone in the 
midst of argillaceous beds, for it is noteworthy that the only other 
fauna with close afiinities and some identical species, occurs likewise 
at Sedaw in the Northern Shan States, in an outcrop of beds not 
detected elsewhere as yet in that region, though all the evidence 
goes to prove that these Sedaw Beds belong to the same series as 
the Naung-kangjd Beds and to the lower division of the latter. 
This is a question which will only be settled by careful and detailed 
geological mapping, but I must say that my general impression 
gained during the few days I spent on the Shih-tien hills, is that the 
horizon is a definite and well-marked one. The Shih-tien beds 


appear to be represented at Lun-shan near the mouth of the Yang-tze 
and also in Shan-timg and Ssu-ch’uan. 

The commonest fossils in the greenish limestones and greenish- 
yellow mudstones are the cystideans, especially Sinocystis Loczyi 
and Ovocyslis Mansuyi, and of the cephalopods, Orthoc&ras regulars. 

The La-m@ng beds form a small outcrop faulted down into the 


The La-mfing beds. 


Kao-liang rocks which are overlain on the east 
by the older Palaeozoic metamorphosed lime¬ 


stones. The rocks themselves consist of hard, reddish or purple 


calcareous slates and mudstones resembling those of the Hwe Mawng 


beds in the Northern Shan States. The fossil collection from this 


locality is so poor and scanty that no satisfactory conclusions can 
be reached regarding its afl&nities. The fossils themselves are given 
below:— 


Heliocrinu8~aS.. fisceUa Bather. 

Crinoid or Cystidean stem joints. 

Leptella? sp. 

Orihis? sp. 

Padhydictya? sp. 

Oriho(xra8 ? sp. 

Harpes aS. Spasski Eichw. 

Ogygites? sp. 

These suggest a lower Ordovician age and there is probably 
little if any difference between the La-m6ng and the Pu-piao beds. 
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Mr. Cowper Beed suggests from the oocurrenoe of the cystidean 
comparable to a species found at Sedaw in the Northern Shan States 
(Heliocrinus afi. fiscella)^t}iat we^have merely to deal with an argilla> 
ceous development of the Sedaw calcareous horizon, and therefore 
naturally with a somewhat different concomitant set of organisms' 
owing to the varying enviromental conditions. 

Looking at the patoontological results as a whole we find that 
there is a marked resemblance between the fossils from Western 
Yiinnan, and the well-known Ordovician fauna from the Northern 
Shan States, as might well ^be expected from the geographical 
proximity of the areas. Several identical species occur, and the rich 
cystidean fauna from Shih-tien suggests the same horizon as that 
found at Sedaw. At the^same time the general affinities of the 
of the Naungkangyi and Hwe Mawng beds is not as close as might 
be expected. The rock from Pu-piao is not absolutely identical 
in lithological characters and no graptolites have been as yet found 
in Burma in the Naungkangyi beds. The fossiliferous beds cannot 
therefore be regarded as on precisely the same horizon, though both 
undoubtedly belong to the Lower Ordovician, and both have an 
European facies, and belong to the same division or series in South- 
East Asia. 

The Ordovician faunas of Eastern Yunnan and Tongking seem to 
have a completely different faunistic type but the data are insuffi¬ 
cient for a satisfactory comparison. The affinities of the Yiinnan 
Ordovician faunas with those of the Central Himalayas are rather 
remote, but there is again present here a trace of the American ele¬ 
ments as has been recently observed in more northern parts of 
China. 

The Silurian System. 

Beds of Silurian age were met with in two localities only, the first 
in close association with and probably faulted against the Ordovician 
beds on Shih-tien hill, and the second some miles further to the 
south, near Pai-ma, where their relations with the surrounding strata 
are not clear.^ At Shih-tien the rocks containing the Silurian grap- 
tolites consist of black, fissile slates and tough, fine-grained greenish- 
grey or pinkish, flaggy slates, overlain by old Palaeozoic limestones. 
According to Miss Elies the palaeontological evidence shows that two 
horizons are represented, and the latter rock is the higher, belonging 

»As it was impossible to map the Silurian bods separately during a rapid traverse, 
i have shown tbsm with the Ordovician on my sketch map. 
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to the zona of Monograptiis Sedgwichi (base of). From it the follow¬ 
ing sp«5ies have been identified :— 

Monograptus Sedgtoicki Portl. 

Monograptus lobiferus McCoy. 

Monograptus tenuis Portl. 

Monograptus leptotheca Lapw. 

Monograptus atavus Jones. 

Monograptus jaculum Lapw. 

Monograptus concinnus Lapw. 

Monograptus gemmatus Barr. 

GlyptograpVus s&rratus Elies and Wood. 

Glyptograptus incertus Elies and Wood. 

Climacograptus scalaris His. 

Climacograptus Tornquisti Elies and Wood. 

Gladiograptus perlatus Nich. 

Mesograptus magnus Lapw. 

The commonest form is Monograptus lobiferus. 

The lower horizon of black carbonaceous and finely micaceous 
shales or slates contains abundant Climacograptids mostly pr^erved 
in scalariform view and therefore indeterminable, but some seem to 
be Climacograptus rectangularis : there is also a suggestion of Meso¬ 
graptus modestus. Probably this bed is somewhere in the zone of 
Orihoceras vesiculosus, but it may be higher, at the base of the Mono¬ 
graptus gregarius zone. The assemblage is not perfectly convincing 
but the abundance of Diplograptids and the scarcity of Monograp¬ 
tus suggest this. 

The species comprise the following :— 

Monograptus incommodus Tomq. 

Monograptus regularis Tomq. 

Monograptus tenuis ? Portl. 

Climacograptus rectangularis McCoy. 

Climacograptus Tornquisti Elies and Wood. 

Climacograptus sp. , 

Mesograptus modestus Lapw. 

Older Palaeozoic Limestones. 

Narrow bands of older Palaeozoic limestone were met with on 

Distribution of the three traverses across the Salween 

older Palaeozoic lime- valley, between Yung-ch’ang Fu and the Me- 
®*®"*** hong, and between Shun-ning Fu and Yung- 
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ch. ang Fu. In addition to these I found two isolated outcrops 
near Kan-kou, and to the east of Ta-mung-tung on the Shih- 
tien—Shun-ning Fu road. The hraestones form the actual bed and 
high bounding walls of the valleys of the Salween and Mekong 
between Teng-yiieh and Tali Fu, where in both instances they 
seem to overlie rocks of the Kao-liang system. The other smaller 
bands strike as a rule approximately north and south and are in¬ 
folded with the Permo-Carboniferous beds. The map shows the 
Pu-piao series of Ordovician age to be in contact with them on the 
west, but this is not perfectly certain, and it is possible that a narrow 
band of Permo-Carboniferous tuffs and lava flows intervenes. Be¬ 
tween Mung-you and You-tien on the Shun-ning Fu—Yung-ch’ang Fu 
road they form a narrow compressed syncline in the slates of the 
Kao-liang system, the centre of the trough being occupied by Permo- 
Carboniferous limestones. 


The limestones are unfossiliferous and the most striking feature 
about them is their universal bre^ciation, a 

PalffiozoicTtnestones!*^^ character which is conunon to the Plateau 

Limestone of the Northern Shan States, to 
which a Devonian age has been attributed; indeed. La Touche 
has already pointed out that similar limestones exist in Yunnan. 
The maximum thickness of these rocks in Yunnan is unknown but it 
must be very great. 

The prevailing type of rock is a light-coloured white or greyish- 
white dolomite, of a finely granular appearance. It is usually 
crushed and broken to an extraordinary degree, and fractured sur¬ 
faces are traversed in all directions by minute cracks often filled 
in with secondary carbonates. On exposure these are dissolved 


away, and the surface of the rock becomes black, very rough and 
irregular. Further details of the structure of this formation are 
given later. Its homogeneity prevents any detailed classification 
and it resembles exactly the Plateau Limestone of the Northern 
Shan States in this respect. Concerning the latter La Touche has 
written : 

“ This paucity of organic remains, together with the rarity of 
outcrops of more than a few square yards in area, the homogeneity 
of the whole formation and the irregularity of the dislocations, 
whether folds or faults, that have affected the rocks, render any 
attempt to follow up definite horizons, or to establish any divisions 
within the formation, a hopeless task. And yet it bridges over a 
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period of eontdiiuous deposition of very considerable length, viz.t that 
extending from the close of the Silurian epoch, as shown by the 
graptolites of the Zebingyi beds, to the Froductus and Fusulina lime¬ 
stones of Permo-Carboniferous age.”^ 

Although outcrops are certainly more extensive and better ^posed 
in Yunnan than in the Shan States, yet the total absence of organic 
remains in the former area militates most seriously against any 
attempt at sub-division. 

The Permo-Carboniferous. 


The foBsiliferous Permo-Carboniferous limestones and calcareous 


Diitribution and cha¬ 
racters of the Permo- 
Carboniferous. 


shales are always found in close association 
with the older, metamorphosed, Palaeozoic 
limestones, which they unconformably over-lie. 
On the three traverses across the Salween 


valley, they occupy a good deal of the area, the limestones forming 
lower and more regular country than any of the older rocks. The 
older limestones tend to give rise to rugged hill tops covered with 
screes, or to vertical-sided canons, whilst the Permo-Carboniferous 
limestones build more open valleys and form gentler hillsides 
through the soil on which their smooth isolated outcrops protrude. 
Of course there are many exceptions to this rule, but generally 
speaking it is possible so to roughly discriminate between. They 
are exposed in a broad band on both sides of the Yung-ch’ang 
Fu plain broken by a narrow zone of the older system. The 
commonest rock types are dark grey or bluish, massive lime¬ 
stones with a compact texture, which exhibit bits of shell frag¬ 
ments and foraminifera irj thin section, whereas the older lime¬ 
stones only show recrystallised calcite and dolomite. The indivi¬ 
dual limestone bands are never very thick and are usually separated 
by calcareous shales, and rarely by more arenaceous deposits. From 
this system I have obtained large collections of corals, brachiopods, 
lamellibranchs, etc., but until these have been examined and des¬ 
cribed I do not propose to make any remarks about their exact age 
or affinities. 


Yolcanic activity was very prevalent in Yunnan in the times 


Pemio-Cari>onlferous 
ixneom rocks. 


when these limestones were deposited, and tuff 
and ash beds int^calated with thick ande¬ 
sitic, doleritic and basaltic lava flows are oom- 


* La Touche, Mem., Qtol. Surv. Ind., Vol, XXXIX, Ft 2, p. 19S, 
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monly found amongst them, and indeed often make up the greater 
proportion of the rocks of the series. These igneous rocks are not 
shown separately on the map owing to its small scale. 


The Red Beds Series. 

The rocks of Upper Permian and perhaps Lower Trias age to 
which I have given the name Red Beds Series 
Dbtributioii and cha- are only found east of the Mekong, between 
S^S! ** ********* ***** Yang-pi Ho, which roughly 

divides them from the crystalline massif of 
the T’sang Shan. They were met with on the main route between 
Yimg-ch’ang Pu and Ta-li Fu, and they build the whole of the 
country between this route and the salt-producing districts around 
Yiin-lung Chou further north. Their contacts with other groups 
are not normal ones, for in both directions, east and west, they 
are faulted against older rocks. In one doubtful case which 
occurs in the previously unexplored country between K.uan-ping 
and Yang-pi the underlying Permo-Carboniferous limestones crop 
out In other parts of Yunnan I have noticed that a thick 
conglomerate usually separates the Red Beds from the Permo- 
Carboniferous limestones underneath, and seems to mark the psi- 
tion of a great unconformity for it rests on various horizons of the 
lower system. The Bed Beds Series denotes a complete ch^ge 
in the orographical conditions of Yunnan towards the close of Per- 
mian tim». A regression of the Permo-Carboniferous sea. p«haps 
indieated earUer by the prolonged outburst of voleamc ai^vrty 
in Western Yunnan, was foUowed by foldmg movements and tte 
elevation and subsequent peneplanatmn of its deposite, “ 

resulted in the foimation of this great ar^coous and 

system, not unlike certain facies of the (.ondwanas of the Ini 

uwu . Tlipre is an almost complete 

Peninsula in hthotogi^l aspert. ^ -Hrestem Yunnan and 

absence of calcareous horizons m thi «vDsum and 

the lower beds are characterised by tick depots of 

older limestones or the schistose strata. 
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The Nan Tien Series. 

Under this term I group together all the Tertiary and Pleistocene 
deposits of Western Yunnan, the name itself being taken from the 
Nan Tien valley between Bhamo and T^ng-yiieh, where they are 
developed on a very extensive scale. These deposits are entirely 
of lacustrine or fluvio-lacustrine origin, and as deposition is still 
in progress in some of the lake basins, it is often impossible to se¬ 
parate them from the more recent ones with which they are in conti¬ 
nuous sequence. The geological changes that resulted in the 
formation of the lake basins have already been described in an earlier 
paper of this series,^ and it is only necessary to point out, that the 
progressive capture of the lake basins by the streams which drain 
them, has resulted in the gradual lowering of their level, and in the 
uncovering of terraces along their ancient shores. These are always 
of detrital origin and formed from sands, sand-rock, clay or loosely 
compacted pebble-beds and conglomerates. Sometimes bands of 
lignite arc found in the shales, which are also occasionally fossili- 
ferous. The fauna which they carry is peculiar, and is very nearly 
related to living gastropod forms from the lakes themselves. The 
recent lake deposits are often partly formed from the older terraces 
washed down by torrents, which cut deep gullies through them, 
and distribute the debris across lower ground, as alluvial fans or 
steep sloping banks of denudation products. In the narrow river 
valleys which have not been the sites of former lakes, sands and 
gravels of recent origin are of common occurrence. 


TRAVERSE No. i. 

From Teng-yiieh to Yung-ch’ang Fu, 

T^ng-yiieh, elevation 5,450 feet, lies 60 miles east of Yung-ch’ang 
Fu, elevation 5,500 feet, on the main trade route between Burma and 
Western China. The geology of the country occupied in the first 
stage of 13 miles to Kan-lan-chai has been described in a previous 
paper, and it is only necessary to recall briefly how the road as¬ 
cends a bare range of granite hills, which tower 2,000 feet above the 

^ Contribution No. 4. The Geology of the Country around Yunnan Fu, Sec., Geol. 
Surv. Jnd., Vol. XLIV, Pt. 2. 
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T^ng-yiieli valley, and attain a height* of nearly 7,400 feet above 
sea level, and then descends to Kan-lan-chai, at 4,800 feet. From 
this place the next stage brings the traveller to the village of Ho-mo- 
shu, a distance of 13 miles. Commencing with a gradual descent 
across gneissose rocks, the Shweh or Lung Chiang, is crossed at 
4,200 feet, after which the steep climb up the western slopes of the 
Irrawaddy-Salween divide commences. The river is about 50 yards 
across and flows with a rapid current over a rocky bottom composed 
of gneissose rocks. Its valley is wide and the ground on the western 
bank slopes away more gradually than that on the east. A series 
of high level terraces is well developed on both sides, and points to 
the recent uplifts which have affected the bed of the stream 
(see Plate 21). On the ascent no rocks are seen until 3-g miles, 
when fine-grained biotite schists, with thin alternations of quartz 
schist, strike north-west—south-east and dip towards the north¬ 
east at 40°. There arc outcrops of similar rocks right up to 
I*ing-ho, but owing to the dense vegetation and thick soil they 
are not well seen. From this point to the top of the range 
at 9 miles, elevation 8,900 feet, a series of dark blue, shining 
phyllites with brownish bands crops out. Just beyond the summit 
and at the commencement of the descent on the other side, the 
phyllites are replaced by decomposed, gneissose granite into which 
the road has worn deep, while weathered banka of the rotten rock 
rise on both sides. It is fine-grained and contains abundant black 
mica. At 11 miles, where the road is level through pine forest, 
the granite, which is probably intrusive into true mica schists, is 
followed by phyllites again, and in the village of Ilsiang-po-tzu, 
at 12 miles, elevation 6,800 feet, fine-grained, glistening, silver-grey 
varieties of this rock strike north and south and dip east at 40°. 
Towards Ho-mo-shu, 13 miles, elevation 5,400 feet, dark slates and 
hands of fine crystalline marble are interbedded with the phyllites. 

The next stage leads across the Salween to the village of Ta-pan- 
chin, a distance of 11 miles. 

From Ho-mo-shu there is a very steep descent for 2 miles, when 
the upper part of the talus slopes arc reached across which the 
fall of the road is easier down to the river at 4| miles, elevation 
2,200 feet. Poor exposures of decomposed reddish and brownish 
phyllites continue for miles below the village, when they are re¬ 
placed by greyish and bluish lirnestonas, excessively brecciated and 
full of calcite infiltrations. The high cliff seen from Ho-mo-shu 
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towards the north and the chfis which bound the northern side of 
the small tributary valley down which the road runs, appear to be 
composed of the same rook. The long alluvial and detritus fans 
brought down by side streams from the divide, hide the rocks 
after this, but their surfaces are covered with blocks of mica 
schist and they form a striking contrast to the opposite bank of 
the river, where clifEs of the old metamorphosed limestone seem to 
rise sheer from the water. The Salween valley is of an irregular 
V shape with the steep side on the east, there is a certain amoimt of 
cultivation on the surfaces of the alluvial fans where they are not 
deeply scored' by torrents from the divide, and the narrow plain 
formed in this manner along the western bank of the river is part 
of the Shan State of Mong-hko. The river itself is at least 120 yards 
wide at the point where it is crossed by the chain bridge. It is 
deep, swift and entirely confined in limestone, while the banks 
are covered with immense, angular blocks of rock which testify to 
the power of the stream during the rainy season. The cliff which 
is met immediately on crossing the bridge has been much undercut 
by the river. It consists of the brecciated variety of limestone and 
is stained red and brown. At its foot there are alluvial pebble beds 
which dip at low angles up stream. 

The road now continues towards the south-east for 1| miles and 
then gradually turns round towards the north-east, up the narrow 
valley of the tributary which flows down to the Salween from the 
Ta-pan-ch’in direction. Along the screes in the bottom of the 
main valley, exposures are poor, but the high wall which hems it 
in on the east, is capped by cliffs of the old metamorphosed limestones, 
and half a mile up the tributary ravine, just before the stream is 
crossed by a bridge which leads on to its left bank, similar rocks 
crop out. From the point where this stream debouches into the 
main valley, an isolated limestone hill can be seen towards the 
south. These small hillocks are common in the lower part of the 
Salween valley and similar ones were noticed during the southern 
traverse described in a later paragraph. A few fragments of a de¬ 
composed, igneous rock were found sticking out of the soil here¬ 
abouts, but it is impossible to say whether they belonged to a dyke 
'or to an interbedded flow in the limestones, or are merely dislocated 
piec^ brought down from the surrounding heights. 

Occupying the 5 miles of the ascent between the last outcrops 
of metamorphosed limestone and Ta-pa-ch’in, elevation 4,500 feet, 
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there is a very varied euooeesion of rocks, the general sequence of 
which is as follows :— 

1. A thin band of decomposed amygdaloidal trap. 

2. Hard, red shaly tuffs which grade into calcareous tuffs. 

3. Three distinct limestone bands which strike north and 
^ south and dip west at 52°. The western band is the 

thickest and is easily distinguished by its perpendi¬ 
cular joint planes. These beds are close together and 
have formed well-marked ribs which stand out on the 
hillside for 200—300 feet above the road. 

4. A thin series of reddish .sandstone beds. 

6. A thin limestone band. 

6. Bands of doleritic and andesitic trap, some of which are 

dense and others amygdular with their cavities filled 
by zeolites, camelian and calcite. 

7. A thick bed of massive, greyish limestone which strikes 

north-north-east—south-south-west and dips at high 
angles towards the east; it forms the very narrow, 
canon-like portion of the valley and contains bra- 
chiopods and lamellibranchs. Detached blocks of this 
fossiliferous limestone were found in the little side 
ravine in which the traps crop out, 

8. Thicker bands of hard, bluish fossiliferous limestone with 

arenaceous layers striking north and south and dipping 
east at 40°. 

9. Calcareous shales with abundant remains of Rhynchonella 

and Dielasma. 

10. Alternations of thin, shaly, greenish-grey tuffs and thin 

bands of hard brown sandstone. 

11. 600—800 feet of grey Carboniferous limestone, vertical. 

12. Shaly, green tuffs, well seen near the village of Liu-wun 

13. A thin band of bluish-white, calcite-veined limestone. 

14. Old metamorphosed limestone. 

The little valley which the road has been following broadens out 
considerably near Ta-pan-ch’in and the old metamorphosed lime¬ 
stones in which it is formed crop out in small detached blocks on the 
surrounding hill-sides, which rise some 400 to 500 feet above the 
village. Leaving the latter behind, there is another slight ascent 
for one mile until an elevation of 5,000 feet is attained, whence a 
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short descent leads to Fang-ma-ch’ang. A band of very decom¬ 
posed trap appears to come between two beds of metamorphosed 
limestone, the second of which is followed by greenish and reddish 
shaly tuffs weathering down into sharp angular fragments, which 
just outside upper Fang-ma-ch’ang contain a decomposed diabasic 
lava flow. The weathering of this rock has proceeded to such an 
extent that nothing remains except soft material of dark reddish 
and grey shades with abundant partings and cracks of a lighter 
tint. 

Beyond Fang-ma-ch’ang, where ‘the road turns to the east, 
before proceeding to the south-east along the side of the Pu-piao 
plain, limestone bands occur which are full of small pieces of earthy 
tuff, and conformably following them, are rapid alternations of yellow¬ 
ish and greyish shales and tuffs. Outside lower Fang-ma-ch’aug, 
3 miles from Ta-pan-ch’in, a platy, greyish-yellow limestone is intci- 
bedded with these. It is full of polyzoa, beautifully preserved on 
the weathered surfaces, crinoid stems and broken brachiopods, and 
is identical in appearance with the fossiliferous limestone of Mong-ta 
higher up the Salween valley. 

The former locality was previously known as a result of Loczy’s 
work. My own specimens from it have still to be described. Be¬ 
yond it, more bands of decomposed trap were seen which soon gave 
place to massive, dark greyish-blue, calcite-veined limestones of the 
Carboniferous, cropping out along the hill-side over which the road 
winds for the next 5 miles before descending to the Pu-piao plain. 
In places corals were obtained from the limestones and dark nodules 
of chert also occur in them. Just before the plain is reached, a 
band of very decomposed diabasic trap t)ccurs. The Pu-piao plain, 
elevation 4,500 feet, 15 miles from the Salween valley, is at least i) 
miles long and about IJ to 2 miles broad. It is covered with culti¬ 
vation and contains many prosperous villages. The lacustrine de¬ 
posits with which it is fllled are in no way different from those of 
similar plains in various parts of the province, and do not need a 
separate description. 

On the northern side of the valley, one mile from Pu-piao town, 
a hot spring issues from beneath a small limestone escarpment in 
two openings. The water is so hot that the hand cannot be kept 
in it and there is a strong smell of sulphuretted hydrogen in the vici¬ 
nity. The limestone is grey in colour with numerous calcite-filled 
cracks end contains abundant crinoid stems. It is followed by 
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decomposed and altered porphyrites and tuff beds doubtless 
the same as those exposed on the opposite slopes of the valley 

that a bl^/TZL*" tentative conclusion 

that a band of metamo^hosed hmestone comes between the Carboni¬ 
ferous strata on the ^st ^d the Ordovician rocks on the east of the 
val ey respectively. The latter have already been dealt with in an 
earlier paragraph. 


The top of the Pu-piao hill on the east is passed at 7 miles ele¬ 
vation 7,000 feet, and a descent of 8 miles in a north-easterly direction 
leads to the Yung-ch’ang Fu plain, elevation 5,500 feet above the sea 
The Carboniferous limestones which overlie the Pu-piao beds crop out 
in small, angular masses of a greyish colour and are ’lenticular 
nodular and banded with calcite. The fresh fractures are of a 
bright bluish-grey colour with sparkling facets of calcite and in them 
patches and veins of brownish-yellow dolomite arc visible. They are 
followed by ycUow sandy marls passing into soft yellowish sand¬ 
stones containing casts of crinoid stems. These rocks are stained 
red and dark brown in places, but only poor exposures were obtained 
owing to the thick jungle growth. Continuing past Leng-shui-chai, 
they are followed by massive, grey hmestones which crop out on 
the hill-sides in small cliffs. Beyond them, yellow sandy marls were 
seen intercalated with a few thin bands of nodular grey limestone, 
which reach to the top of the last steep descent to the Yung- 
ch’ang Fu plain. Opposite a point at 8 miles certain calcareous 


bands dip north-west at 20°. Just below the pass on the north 
there is a marsh surrounded by high limestone cliffs. 


Jn the pass itself, a hard, grey, calcite-veined limestone overlies 
a darker material with bands of harder nodules, weathered into cliff- 
like escarpments on both sides of the small valley, and containing 
two caverns at the bottom on the north. From the lower of these a 
large stream issues. The limestone above the caves has a bituminous 
smell when fractured and contains both crinoids and corals. It 


strikes north 20° west, and dips towards the north-east at 15°. The 
whole formation, however, is bent into a small antichne for at the 
head of the little pass which opens on to the plain at Ta-shih-wo 
the dip is 20° north-west. The band of limestone at the top of the 
hill is 200 feet thick and of a coarser texture than the lower one 
which is 60 feet thick, and separated by shales and limestone bamls, 
about 40 feet in thickness. The caves are in the lower band 
>vhich is massjve, slightly bituminous and fossiliferous. It alsp 
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oontains more calcite than t^e oth^. Large. coUectioha- of fosidls 
were made here but they have not yet been described. The speci¬ 
mens collected by Loczy are listed in the paragraph dealing vi^th 
his work. Just before the lacustrine deposits of the plain are 
reached, a band of decomposed porphyrite is crossed. The junction 
of the limestones with the igneous rook is well marked, both by the 
different character of the hill-side formed from the two formations, 
and by the soil of the latter being covered with cultivation, whereas 
the rocky limestone slopes have none at all. 

The Yung-ch’ang Fu plain running from north to south is 20 
miles long and 5 miles wide in the opposite direction. It has an 
elevation of 5,500 feet above the level of the sea. (See Plate 27.) 


TRAVERSE No. a. 

From Yung-ch’ang Fu to Ta-li Fu. 

Yung-ch’ang Fu lies at an elevation of 5,500 feet and is 105 miles 
from Ta-li Fu by the main trade route which this traverse follows. 

The Yung-ch’ang Fu valley is filled in with lacustrine deposits of 
late Tertiary age which form the plain and consist of red and 
white clay beds, pebble beds and yellowish sands and sand 
rock. At the edges they form low rounded hills. After crossing 
the plain the road ascends gradually to the north-east up a bare 
hill-side, which becoming steeper for a short distance, proceeds up 
the valley of a small stream to the crest of the Salwe^-Mekong 
watershed at 11 miles, elevation over 8,000 feet. 

The floor of older rocks on which the Tertiary deposits of the 
plain rest, is first seen near Lu-chia-chai, soon after the ascent com¬ 
mences where hard, bluish-grey, slaty limestones strike north-east— 
south-west and dip towards the south-east at 35®. Here I found a 
trilobite pygidium probably referable to the genus PhiUipsia, encrinite 
stems and fragmentary brachiopod remains. The limestones are 
followed by shales with calcareous concretions containing crinoid 
stems, and then by thin beds of decomposed andesitic lavas as the 
steep part of the ascent is reached. Near the summit the old breccia- 
ted limestones crop out, with a vertical dip and a north and south 
strike; in appearance, and in direction of strike, they are quite 
different from the fossiliferous limestones that occur lower down 
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the m The width ol oountiy occupied by the oldei j,. 

not more thm IJ mdes when they are followed by more decomposed 
andesitic and diabaaio lavas and tuffs, and, near the small village of 
Ta-li-shao. by fossiliferous calcareous shales and limestones. From 
these beds Loozy had already obtained the following fossils 

PToduCtUS . lOitiTOStTO/tUS H 0 WS 6 . 

Spirif&r of. alatus Schloth. 

ProductiM of. semireticulatus Martin. 

Spirifer of. hisuhatus Low. 

Petraria sp. indet. 

Pleurodyctium sp. indet. 

I made a large collection of fo.ssils including other braohiopods, 
lamellibranchs and polyzoa, which, it is hoped, will shortly be 
examined and described. 

From the pass the road follows the side of a deeply-cut valley 
drained by a tributary of the Mekong, but towards Ta-li-shao it 
turns off towards the north before commencing the steep descent to 
the great river. Between Ta-h-shao and Shui-chai there is an 
abundant development of very decomposed contemporaneous lava 
and tufi beds. Shui-chai lies in a small, almost circular, basin¬ 
shaped hollow, with a flat bottom given up to rice and poppy cul¬ 
tivation and surrounded by steep, pine-clad slopes. It is 15 miles 
from Yung-ch’ang Fu. After leaving it, the road immediately com¬ 
mences the precipitous descent to the river, curving round to the 
north as it zigzags down the narrow canon walls which rise sheer 
from the waters. These cliffs are composed of the old brecciated 
limestone and associated rocks. At the bottom of the gorge, ele¬ 
vation 3,900 feet, near the chain bridge which carries the road over 
the Mekong and beneath the great cliff of brecciated limestone 
covered with Chinese inscriptions on the western bank, rwidish, 
shaly limestones were found. The river itself is from 80 to 100 
yards in width with a very swift current. Creat cliffs rise sheer from 
its side for nearly 2,000 feet and then slope away more gradually to 
still higher ground (Plate 22, lower figure). The cliffs on the eastern 
bank do not rise so high as those on the west but they are composed 
of the same rock. The bridge is 6 miles from Shui-chai, and after 
crossing it there is an exceedingly steep zigzagged ascent for IJ miles, 
whence a descent of 1 mile leads to the village of Ta-wan-tzu. Near 
this place the track enters the valley of a small tributary full of 
alluvium, under which, here and there, poor exposures of slaty and 

P 
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schistose rocks were noticed, identical in appearance with those of 
the Kao-liang system. They strike between north-west and south¬ 
east and north-north-west—south-south-east and they are usually 
vertical and very contorted. Gradually rising the road reaches 
Sha-yang at 10 miles, elevation 4,800 feet, the second stage in the 
journey to Ta-li Fu. The next stage of 13 miles leads in a general 
north-eastern direction to the Yung-p’ing Hsien plain. At first 
there is an ascent to 8,900 feet at 5 miles, at the top of a high ridge 
which divides the main stream of the Mekong from that of its tribu¬ 
tary the Yung-p’ing Ho. The whole of the western slopes of this 
range and the steep and rocky descent for 3 miles on the eastern 
side, that is to a point one mile below the village of Hua-chiao, is 
made up of ancient, partly metamorphosed rocks, comprising slates, 
talc schists and hard bluish quartzites, with thin veinlets of quartz, 
on the ascent to the pass, and, on the descent, of broken outcrops of 
purpie and white quartzites and slates. Exposures are scarce 
owing to subaerial decomposition of the rocks themselves and to 
the plentiful vegetation and the thick soil cap which covers them. 
From the pass, looking towards the east, a good view of the Yung- 
p’ing Ho valley is obtained, bounded by a moderately high and 
well-defined ridge, above which, in places, glimpses of the snow¬ 
capped heights of the T’sang Shan range near Ta-li Fu can be seen. 
Beyond Hua-chiao the formation changes and the older rocks are 
replaced by reddish shales interbedded with hard white sandstones. 
Near Tieh-ch’ang they are well exposed and are seen to form a very 
different type of country from the schistose or limestone rocks 
further west. Instead of the high, well-marked ridges of the former, 
or the steep cliffs and gorge-like valleys of the latter, low rounded 
hills now prevail, broken in places with small sandstone bluffs and 
usually covered with a thick cap of reddish soil. There is very 
little level ground. As the road descends to the Yung-p’ing Ho 
the alluvial deposits of the valley hide all outcrops. Near the 
bottom extensive pebble beds are found but they are replaced 
lower still by the recent alluvium brought down by the river, 
which flows in a flat plain upwards of a mile across. It is 
probable that the valley was filled in by a lake in late Tertiary 
times, and the lacustrine sands and clays, covered partially by 
alluvial fans washed from the hills which bound it on the east, 
continue some distance up the lower slopes over which the road 
rises to the next stage, the village of Sha-sung, a distance of 
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10 miles from the Yung-p’ing Hsien plain and 46 miles from Yunir- 
ch'ang Fu. Kising in an east-north-easterly direction Te mad 
reaches the crest of -the ndge which bounds the Yung-p’ing Hsien 
valley on the east, and separates its drainage from another tributary 
of the Mekong, the Shun-pi Ho, at Tien-chin-pu. 8 000 feet 2 
miles beyong Sha-sung-shao. At the commencement of the ascent 
red sandstones and shales strike a few degrees to the west of north 
and dip east at 28°. They weather very easily into heaps of tiny, 
angular fragments, which on continued exposure break down into a 
yellowish-brown or light reddish, clayey soil. Towards the summit 
hard bands of light red sandstone are interbedded with reddish 
and reddish-purple shales, which often contain small, irregular, 
greenish concretions. 

A descent of 7 miles from the summit across purple and violet 
shales with frequent layers of white and yellowish-white sandstone 
and grit, le.ads to the crossing of one of the branches of the Shun-pi 
Ho, a mile beyond which lies the stage of Huang-lien-pu, elevation 
5,100 feet, 10 miles from Sha-sung. At the crossing of the 
stream there are good exposures of hard red shales and shaly 
sandstones, which strike north-west- south-east, while the variation 
of the dip at this point and further back nearer Sha-sung 
indicates sharp folding. Th(? 8hun-pi Ho itself is crossed by a 
chain bridge, 4 miles beyond Huang-lien-pu, after which a long 
ascent to the north-east commences. The few visible exposures 
show the strata to be of the same general facies, that is, red shales 
with sandstone bands, but between T’ou-po-sliao and T’ai-p’ing-p’u,* 
the shales become slaty and a general crushing and contortion is 
very marked. At first I was inclined to regard the purple slates 
of the T’ai-p’ing-p’u—Yang-pi area as older rocks belonging to the 
Kao-liang system, but after traversing them several times, I changed 
my mind, and now look upon them as representatives of the Red 
Beds Series, greatly metamorphosed owing to their proximity to 
the T’sang Shan which was elevated in later Tertiary times. 

T’ai-p’ing-p’u is the sixth stage between Yung-ch ang Fu and 
Ta-li Fu. It has an elevation of 7,300 feet and is 66 miles from the 
former place. 


» Those places are not shown on the map, but will be found on the »ccom]mnymg 
the next paper of this series which deals with the country between Ta-h Fu and Yfinnau 
Fu. 
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Above tbe village the purple slates strike north 20° east and 
dip towards the west at 29°. Occasionally th^ contain greenish 
bands, while their joint planes are often marked with lenticles of 
quartz. 

From T’ai-p*ing-p*u there is a gradual rise to the top of the ridge, 
separating the drainage of the Shun-pi Ho from that of the 
Yang-pi Ho, which is reached at 5 miles, elevation 8,400 f^t. 
Identical rocks with the same strike continue, though a steeper dip 
to the west was measured. Above Ta-pin-li however the dip changes 
to 38° in an easterly direction. Around Ya-kou-tzu I found hard, 
greenish, speckled quartzites but they are quickly replaced by hard, 
contorted and well laminated purple shales which have an easterly 
dip as far as the pass. From here the road goes gradually down a 
long spur for 3 miles and then drops about 1,000 feet in the last 
mile to Yang-pi, the 7th stage of the journey situated at 10 miles 
from T’ai-p’ing-p’u, and at an elevation of 5,00C feet. A few poor 
exposures of the same types of rock were met with on the desert. 

From Yang-pi the next stage leads to Ho-chiang-p’u, a distance 
of 12 miles. The road follows the direction of the Yang-pi Ho, 
that is to the south-east as far as P'ing-p’o at 10 miles. Here it 
makes a sharp turn to the east and enters the narrow gorge of the 
tributary stream, the Hsia-kuan Ho which breaks across the T’sang 
Shan range and carries the overflow from lake Erh Hai to the 
Yang-pi Ho, and thence to the Mekong. Both streams are only 
about 30 yards wide but have tremendous currents, though the 
valley of the latter occasionally broadens out into a narrow culti¬ 
vated plain as at Ma-ch’ang and Sha-ko-tsun. 

About a mile below Yang-pi, a cHff section shows hard, reddish 
sandstones with an east-north-east—west-south-west strike and a 
vertical dip, but after this, for the next 5 miles, the road traverses 
cultivated ground and no rocks are seen. The presence of the 
Red Beds Series is indicated however by the nature of the boulders 
and pebbles brought down by the tributary streams, by the shape 
of the hiUs and the colour of the soil. At 6 miles, close to Chin- 
niu-tou, these rocks end on the east bank of the river and the road 
becomes strewn with pieces of gneiss and mica schist, though to the 
east of the village I also found exposures of the old brecciated 
limestones. The river here flows in a deep and narrow valley, 
whik towards the north is lined with a high terrace, on which the 
cultivated lands of Yang-pi and Ma-ehang are situated. As the 
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road proceeds tlirough CM-i-p’u and P’ing-p’o, and then turns east 
up the narrow gorge of the Hsia-kuan Ho, light-coloured mica schists 
were found cropping out at intervals, with a strike of north 30® 
east approximately. The main range with its terminal peak T’sang 
Shan, 13,000 feet, is built up of gneissose granite and mica schists. 

From Ho-ohiang-p’u a march of 10 miles in the same easterly 
direction leads to Hsia-kuan at the southern extremity of lake 
Erh Hai. The first exposures of the gneissose granite were obtained 
near the bridge which crosses the stream at Pe-t’a-chin, where the 
strike is approximately north and south, but just on the far side of 
the bridge several large pieces of dark, greyish-blue, calcite-veined, 
brecciated limestone were found followed by mica schists. I regard 
the limestone occurrences in this neighbourhood as the remnants 
of a former more extensive sheet, now only left in these small out¬ 
liers. 

Between the villages of Mai-tsao-shao and Shih-ch’ing-shao, 5 
to 7 miles from Ho-ch’iang-p’u, the road does not follow the river 
bed as shown on the map, but crosses over a spur between two 
small tributaries. Here the dip of the schists is almost vertical 
and the strike north-west—south-east. The presence of rocks of 
the Red Beds Series, somewhere in the immediate vicinity to the 
south is proved by the colour of the silt-laden water of the eastern 
tributary, and by the numerous pebbles from them in its bed. A 
mile further on, the apparent dip measured from the beds on the 
opposite side of the gorge is 23° in an easterly direction. As the 
road continues, the gorge narrows in until at 9 miles the famous 
Hsia-kuan gate is reached, where it passes through an arch, and the 
narrow valley is constricted to a breadth of less than 50 yards, 
while the stream itself is forced into a course which cannot be more 
than 10 to 12 feet across, indeed a large fallen rock forms a natural 
bridge across the channel, which must be very deep and through 
which the river races with incredible speed and force (Plate 22, upper 
figure). Mica schists with the same dip and strike continue to 
kuan, and it is needless to say that magnificent exposures of Imem 
are readily examined. The plain to the east and north-west of 
Hsia-kuan is of lacustrine origin and is extremely fertile. 

A level paved road leads north from Hsia-kuan along the western 
shores of Erh-hai to Ta-li Fu, elevation 6,700 feet, a distance of 8 
miles. The ground between the road and lake is of lacustrme ongm 
and is intensely cultivated and full of villages, but that between the 
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Jake and the lower slopes of the T’sang Shan is rough and broken 
and made up for the greater part of the alluvial fans of small tri¬ 
butaries from the high range, which have strewn boulders of white 
gneiss and mica schist over the surface. 

Seldom has it been my lot to see a city amidst such beautiful 
surroundings as Ta-h Fu. Built beneath a high range, which 
towers above it for 7,000 feet, it is overshadowed by the great 
peaks which attain elevations of 14,000 feet above sea level, and 
which are snow-clad in the winter months. A mile away on the 
east, across the intervening plain carpeted with the living green 
of the Minchia peasants’ crops, are the shores of the lake Erh-hai. 
This fine stretch of water is some 35 miles long and from 4 to 7 
miles wide. It is navigated by small fishing and passenger junks 
and bounded in the distance by low red hills, a striking contrast 
to the high mountain wall on the west. 

The edge of the lake is bordered with blocks of very metamor¬ 
phosed, brecciated limestone and similar rock can be seen cropping 
out on the opposite shores. The lake basin is evidently confined 
to this formation, and seems to have originated in changes of level 
which have dammed back a pre-existing narrow valley, and have 
caused it to be filled up by the stream which once flowed through it. 


TRAVERSE No 3. 

From Yung-p’ing Hsien to Yiin^lung Chou and thence to 

Yang'pi. 

The route followed by this traverse leaves Yung-p’ing Hsien 
and proceeds in a north-westerly direction up the valley of the 
Yung-p’ing Ho, and after leaving the watershed of this valley 
descends into that of the Lo-ma Ho, another tributary of the Mekong. 
The general direction of the track as far as Yiin-lung Chou, 3 stages, 
39 miles, is indeed parallel to the course of the main river and not 
far to the east of it. From Yiin-lung Chou 1 marched north to 
Shih-men-ching and thence east to the valley of the Kuan-p’ing 
Ho, one of the upper branches of the Shun-pi Ho, and crossing 
previously unexplored country down the valley of this stream, 
eventually arrived at Yang-pi, on the main road between Yung- 
chiang Fu and Ta-b Fu. 
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The entire country is bnilt of rocks belonging to the Permo- 
Triassic Red Beds Series. ^ 

The first march leads to Kuan-chiao, a distance of 10 miles, 
and, for the greater part of the way the road goes across the valley 
deposits, which consist of white and brownish-white, fine-grained 
shales, containing fragmentary plant remains and small, crushed 
gastropods and lamellibranchs. These shales undoubtedly prove the 
existence of a Tertiary lake basin in this valley. It is only when 
the road rises on to the lower eastern slopes of the hills above the 
stream that poor outcrops of shales and sandstones of the Red 
Beds Series are to be seen. 

From Kuan-chiao a march of 15 miles leads to the second stage 
of Po-chiao. Just after leaving the former village there are ex¬ 
posures of greyish-red sandstones followed 'by red shales, and similar 
rocks continue for many miles, the shales predominating. They 
strike north 20° west and dip towards the south-west at 53°. It 
was very difficult to fix my position on the map in ihis region, the 
names of many of the villages which it shows arc not known to the 
local inhabitants, nor docs the road follow the main stream as 
delineated. T found that it turned in a northerly direction into 
one of the tributary valleys, ascended over a small spur and then 
continued up this side valley crossing the stream frequently. In¬ 
numerable blocks of red sandstone and masses of shale strew its 
bed, and steep, forest-clad slopes rise close to the water. In one 
place the stream flows through a narrow gorge and the track follows 
the eastern hill-side above it. The physiography of the region is 
very similar to those parts of (Jentral Yunnan which are situated 
between O’hu-hsuing Fu and T'ing-yuan Jlsien and which are 
sculptured out of the same strata. 5^ miles from Kuan-chiao a 
very steep ascent leads to the top of the ridge which divides the 
watersheds of the Yung-p’ing and Lo-ma lie’s. At eight miles 
the elevation is over 8,500 feet, from which altitude an extensive 
view of well-wooded country is obtained, the break in the hills 
where the Lo-ma Ho makes its way to the Mekong being particularly 
well-marked. A very steep descent from the crest leads down to 
a small tributary of the Lo-ma Ho, and after a slight ascent, an 
almost level path proceeds through the villages of Kan-hai-tzu 
and Hai-kou, whence there is a descent down a steep spur to Po- 
chiao, on the eastern bank of the main stream, 15 miles from Kuan- 
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chiao. Throughout the whole of this march typical red shales 
continue, striking a few degrees to the west of north. 

From Po-chiao the road goes on in the same general direction 
to Yiin-lung Chou, a distance of 14 miles. The river near Fo-chiao 
is a deep and unfordable stream with a strong current in a bed from 
50 to 100 yards wide, full of great sandstone boulders. In places 
the water practically fills the bed of the stream, but in others it is 
constricted to swift rapids, 15 to 20 yards across. The valley is 
narrow, very deep and precipitous, though sometimes there are 
narrow strips of cultivation on each side. The track follows the 
eastern bank, at times close to the water but often high above it. 
Sandstones and shales of the same general character are the only 
rocks met with. There is much folding and contortion, and on 
the west bank above Hsi-fang, a well-marked double, or S fold was 
seen, with its axis striking north 30° west. Further north the gorge 
narrows and it is only at the bends that small deposits of alluvium 
suitable for cultivation are foimd. These little fields are often 
covered with sandstone boulders which have fallen from the cliffs 
above. Few shale exposures were seen in this neighbourhood, 
and the country appears to be largely formed from a massive, 
greyish-red sandstone. Near Hsi-fang, grey grits and fine-grained, 
white sandstones crop out. After passing Sung-ma-tsin, a small 
Minchia village, the valley opens out a little, and the river is crossed 
by a wooden bridge in two sections, supported on a pier which is 
built on a large rock in the centre of the stream. On the western 
bank there are excellent outcrops of hard, reddish-grey sandstone 
bands, which one mile above the bridge dip towards the north¬ 
west at 19°, and near Yiin-lung Chou at 38° to the north-west. 

Six miles to the north of Yiin-lung Chou and still in the valley 
of the Lo-ma Ho, lies Shih-men-ching, an important salt-producing 
centre. The river is crossed near the former town and 1^ miles 
further up it enters a narrow gorge where hard reddish sandstones 
of coarse texture and rough touch are found. The road does not 
follow the river bed but rises steeply past the village of Shan-ting- 
tzu and then drops down to its former level as it meets the stream 
once more. At this point, on the opposite bank, there is a hot 
spring much resorted to by the Chinese and Minchias as a bathing 
place. At the third mile, a small tributary from the east is crossed 
by a covered wooden bridge, and then the road enters the narrow 
gorge, ascending and descending and occasionally built up on a 
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causeway above the level of the river, which is not fordable. Near 
Shih-men-ching the red sandstones strike east and west and dip at 
17 to the north. At this place I left the main valley turned 
abruptly to the east up the narrow gorge of a small tributary in the 
bottom of which there are several brine wells, draining a salt-bearing 
horizon low down in the Red Beds Series. 

The next stage is reached at Kuan-ping, 11 miles from Shih-men- 
ching, the road after leaving the latter place ascending along the north 
bank of the stream and passing through T’ien-erh-ching and Ta- 
ching, two large villages which possess important brine wells. In 
the month of March I found that the valley of the stream was prac¬ 
tically dry and full of huge boulders. It is crossed by a bridge 
below T’ien-erh-ching. Rock exposures are poor and isolat^ 
owing to the violent denudation of the hill-sides, which has resulted 
in the formation of a great thickness of clayey soil, aided by the 
deforestation brought about by the demand for wood fuel in the 
local-brine-boiling industry. Such outcrops as were visible gave an 
east and west strike at first, but between T’ien-erh-ching and Ta-ching 
better sections showed a strike of 30® west of north and a dip of 
34“ in a north-easterly direction. 

From Kuan-ping a route continues east to Teng-ch’uan Chou, 
a small walled city to the north of Tali Fu, but I left this and marched 
to the south-east down the valley of a stream flowing in that direc 
tion, in order that I might join the Yung-ch’ang Fu—Tali Fu route 
which lies to the south. This area has never been traversed by a 
European before and as I had no map, my geological notes are only 
suitable for general interpretation. 

At Kuan-ping there are poor exposures of red sandstones and shales 
below the alluvium of the river bed, which is here about 50 yards wide. 
Three quarters of a mile below the village, red nodular shales strike 
north 20“ west and dip south-west at 12“. The valley gradually 
widens as the road continues and at 9 miles, yellowish-green, finely 
laminated shales strike north-east—south-west. Sha-kia-tsun the next 
stage, a small village '.d S’su-chuannese colonists, is reached at 11 
miles. In the river ted at this place, hard, fine-grained, greyish 
sandstones with a yelh)wi8h, ferruginuous, cementing material, strike 
north 30“ west and dip south-west at 40°. The village has an 
elevation of 6,600 feet and the next stage leads to Chi-ta-na, a 
distance of 13J miles. 1^ miles from the former place, red sandstones 
(jip to the east an d constrict the stream in a narrow bed bounded 
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by steep wooded slopes. At 4| miles, a greyish-white, unfossili- 
ferous limestone band crops out and is followed by fine-grained, 
red shales and then by bluish shales and reddish sandstones dipping 
and striking in the same direction ; I believe that it is a calcareous 
horizOTi in the Red Beds Series. In cutting through this band 
the river has formed a deep gorge to avoid which the road ascends 
over a spur between miles 4| and 5|. At 6 miles the valley is left 
behind and an east-south-easterly direction is followed up the hill¬ 
side which bounds it. Dark coloured or variegated, cleaved and 
splintered shales, with interbedded bands of hard quartzite are now 
found, and persist along the gradual ascent to 11 miles wh^e an 
elevation of 9,000 feet was attained. On the descent to Chi-ta-iia, 
white limestones crop out and on their weathered surfaces sections 
of brachiopods and laraellibranchs were seen, (^hi-ta-na has an 
elevation of 7,800 feet and the next stage, the village of Tsun-wei, 
lies 17 miles to the south-east, the road ascending and descending 
over various small watersheds nitcrsecting tliis area, the greater 
))art of it being covered with thick pine forest. Exposures were 
j)oor and the only ones visible consisted of purple and greenish 
hardened shales or slates, intercalated with quartzites. Those rocks 
seem to be metamorphosed representatives of the Red Beds Series. 
4 miles to the east—south-east of Tsun-wei, which has an elevation 
of 7,000 feet, the route commences to descend into the valley of 
the Yang-pi Ho, and eventually joins the Ta-li Fu road just to 
the north of Yang-pi. In the intervening area purple slates and 
reddish sandstones were the only rocks seen. 


TRAVERSE No. 4 . 

Across the Irrawaddy=Salween divide and the Salween Valley 

to Yung«ch’ang Fu. 

Commencing from Teng-yiieh this route proceeds in a north- 
north-easterly direction to Chu-ch’ih, where it crosses the Shweli or 
Lung Chiang, thence it rises over the Irrawaddy-Salween divide and 
descends to the Salween or Lu Chiang valley in an easterly direction. 
From this point 1 marched in a south-easterly direction across 
unexplored country to Yung-ch’ang Fu. As I have already des¬ 
cribed the country between Teng-yiich and the Shweli river, I shall 
take up the description of the geological features of this traverse, 
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from the village of Lin-chia-p’u which is situated on the lower 
western spurs of the divide a few miles above the river. 

Lin-chia-p u has an elevation of 7,600 feet above the sea, that 
is to say some 3,400 feet above the level of the Shweli, and the 
first stage leads in a general easterly direction across the divide 
to Ta-t ang-tzu. Above the former village, muscovite schists, quartz 
and hornblende schists, strike north and south and dip towards 
the west at 42°. The road rises steadily to the pass at the top of 
the range across similar rocks, winding along the steep side of a 
narrow gully formed by a small, westerly-flowing tributary of the 
Shweli. Exposures arc more frequent as the road gets higher, 
until near the top, continuous bare rock is met with. A small 
Chinese temple marks the crest at 11,100 feet and bears the ex¬ 
pressive name, Hsueh-shan-ting or “ snowy mountain top.” A con¬ 
stant north and south strike was observed, but at the summit there 
is a dip of 25°—30° towards the east, indicating the presence of a 
compressed synclinal fold between this position and Lin-chia-p’u. 
The lithological character of the crystalline rocks is very constant 
and all the exposures consisted of a fine-grained, banded, black 
and white mica schist, which near the top of the range crumbles 
down into powdery outcrops, but at lower elevations weathers 
into large, jagged blocks with smooth joint planes. Narrow veins 
of a white, hornblende granite were found intruded into the mica 
schists in some places. A wonderful view is obtained from the 
crest: towards the east the eye wanders across the deep Salween 
valley to the Mekong divide and the mountain tops beyond that 
river,—snow-clad in the winter months; to the west across the 
Shweli to the distant hills of the Burma-(‘hina border country. 

Descending on the eastern side of the great range, there is a 
very steep fall at first for ^ mile, when a small tributary of the 
Salween is crossed at an elevation of 8,200 feet, thence there is a 
steep ascent to 9,000 feet, across a spur which leaves the divide 
between the peaks 11,440 and 11,610. About this point there is a 
considerable development of a white granite with large felspar 
crystals, but below the village of Chiu-kai, mica schists are again 
found striking north and south and similar in every respect to those 
already seen on the western side of the divide. 

From Ta-t’ang-tzu the next stage led to Kan-ting-kai, situated 
a tew miles up the Salween. A few hundrrid yards below the former 
village, hard bluish limestones full of calcite veins, with elongated, 
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yellow bttnds and lenticles, dip east at about 40°. I crossed over 
the Irrawaddy-Salween watershed on the 31st December 1907, 
and as the short winter day had finished before I completed the 
march to Ta-t’ang-tzu, I was compelled to traverse the last few 
mil^ in the dark and I am unable to locate exactly the boundary 
between the crystalline rocks and the limestones further down, so 
it is only approximately shown on the map. The limestones are 
followed by a series of yellowish slaty beds half metamorphosed 
into schists, soft and full of mica, foliated and highly contorted. 
Their strike is in the same general direction. Below their last 
outcrop broken and recemented limestones form a typical limestone 
breccia, which continues for a short distance and then disappears 
below the detrital deposits washed down from the steep sides of 
the divide by a torrent which drains the area around the Feng-kou 
peak. The road now enters the narrow valley of this stream which 
has carried down many mica schist and gneissose boulders and 
strewn them over its flood plain. On the south the bare sides 
of the valley are shut in by limestone cliffs, but on the north, outcrops 
of a very decomposed amygdaloidal trap were observed, which are 
presumably interbedded with the limestone. Near this point, the 
road, which up to the present has been proceeding in an easterly 
direction, turns towards the north, roughly parallel to the Salween 
which it follows for 5 or 6 miles. 

Near the village of Mong-ta or Than-say, in the bed of a small 
tributary stream, I found outcrops of hard, greenish-grey, micaceous 
shales and sandstones, with interbedded grit bands, and in the stream 
itself, boulders of a fossiliferous crinoidal limestone with polyzoan 
remains and fragments of brachiopods. An examination of the 
ravine proved that the coarse crinoidal limestone, which is full 
of kmall, angular, shaly fragments, is intercalated in the shales, 
which strike north and south. The polyzoa appear to be closely 
allied to forms occurring in a similar rock at Fang-ma-ch’ang, 
18 miles as the crow flies to the south-south-west, on the main 
T^ng-yiieh—^Tali Fu route, and, if so, they are probably of Permo- 
Carboniferous age. In the village itself, bands of a hard, blue 
limestone strike north and south and dip towards the west at 10°— 
12 °. 

After this the road winds over the grassy slopes of the lower 
spurs running down to the river or across the fields of rice and 
sugar-cane which occasionally cover them. Exposures are not 
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common, bnt outcrops of a metamorphosed and brecciated lime¬ 
stone were serai, which in appearance, structure and property of 
weathering down into a clayey red soil, greatly resembled the 
Plateau Limestone of the Northern Shan States. In addition to 
these, outcrops of a very decomposed, amygdaloidal trap were met 
with. The fossiliferous limestones and interbedded traps seem to 
lie in a syncline in the older metamorphosed limestone which forms 
the high cliffs on the east bank of the Salween opposite Kan-ting- 
kai. This place has an elevation of 2,900 feet above the sea. 

I crossed the Salween a few miles below Kan-ting-kai by ferry 
and then struck out in an east-south-easterly direction, across 
previously unexplored country, arriving 5 days later at the northern 
end of the Yung-ch’ang Fu plain. Owing to the unsurveyed and 
mountainous nature of this area, I found it a matter of extreme 
difficulty to fix my exact position, and consequently my geological 
map of this particular area is of the sketchiest character. The 
greater part of the country is undoubtedly occupied by limestones 
of the same age as those found on the descent to the west bank of 
the Salween, and my impression is that they occur in closely-packed, 
isoclinal folds, which have an approximately north and south strike. 
Half way across to Yung-ch’ang Fu, the ground is covered with 
small, sharp outcrops of pale and dark grey, brecciated and un- 
fossiliferous limestones, which near the Lolo villages of Myin-ka 
and Ho-wun contain bands of a very decomposed andesitic lava 
associated with weathered, greenish shales. In the valley of a 
small stream near the latter place, I noticed boulders of the dark 
fossiliferous Permo-Carboniferous limestones containing crinoid stems 
and sections of Euonvphalus sp. This is sufficient to prove that 
these beds crop out somewhere in the vicinity, though I was unable 
to discover them owing to the thick covering of the usual red soil. 
Further to the east, near the Lolo village of Sow-wa-shu, a bluish, 
banded limestone strikes north 10° west, with a vertical dip, and 
contains crmoid stems and corals, among which the genera Za/ph- 
rentis and CyathophyUum appear to be represented. It is followed 
by the brecciated limestones which in their turn are replaced by 
platy, reddish limestones weathered down into soft yellowish 
marls, and followed by very contorted shaly limestones. Near 
the village of Sha-ho-ch’ang, soft, reddish, marly sandstones are 
found with a vertical dip and a strike of north 30 east. These 
7 Qcks are pierced by basaltic dykes. Between this place and th^ 
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northern extremity of the Yung-ch’ang Fu plain, I found hard, 
greenish shales, striking north 30° west, and dipping at high angles 
towards the east, followed by clay schists and phyllites, striking 
in the name direction, but possessing a lower dip. 


TRAVERSE No. 5. 

From Lung-ling to the Shih-tien plain. 

These two places lie 50 miles apart on a route which runs in a 
general east-north-easterly direction across the southern extension 
of the Irrawaddy-Salween divide and the Salween valley. It fur¬ 
nishes a good series of rock exposures similar to those met with 
on the T^ng-yiieh—Yimg-ch’ang Fu traverse, some 20 to 30 miles 
further north. 

From Lung-ling, at an elevation of 5,100 feet, the road runs 
towards the north-east and for about 2 miles crosses the paddy fields, 
which cover the alluvial and lacustrine deposits of the plain, and 
then ascends a small tributary valley. At the commencement, 
fine-grained bluish and brownish-white banded mica schists alter¬ 
nate with hard white and brown speckled quartzites which strike 
north 30° east and dip towards the north-west at 35°. At first the 
quartzite bands are thick and form the greater part of the exposures, 
but as the road ascends they gradually become thinner until near 
Ssu-tzu-po they completely die out. Beyond this point very fine¬ 
grained schists and phyllites are found in poor and decomposed 
exposures. I believe that these rocks are of the same age as the 
phyllites folded into the crystalline rocks of the divide further to 
the north between Kan-lan-chai and Ho-mo-shu. An elevation 
of about 6,600 feet is attained at the fourth mile whence there is a 
short, steep descent to a small stream near which I found a fine¬ 
grained, white granite in s'ilu. This granite continues across the 
minor undulations to the small rice plain of Tuan-chia-chai 
which is about 8 miles from Lung-ling and has an elevation of 6,300 
feet. The quartz veins in the granite give rise to numerous pebbles 
and boulders with which the surface of the soil is strewn. Although 
usually of medium grain there are finer and coarser bands of granite; 
in the latter the felspars are developed in large perfect crystals 
and the rock seems to have some indications of a gneissose struc¬ 
ture. One mile above Tuan-chia-chai I saw blocks of the fine- 



Part 4.] Coggin Brown : Geology of Salween <& Mekong Valleys. 261 


grained mica schist again but not in situ, which seems to indicate that 
the granite is intrusive into these rocks. The hill tops form small 
isolated, rounded knolls covered with ferns and long grass, resembling 
very much the granite country in the neighbourhood of T^ng-yueh 
(see Plate 25, lower figure). From Tuan-chia-chai the next stage 
leads in a north-easterly direction to the village of Herh-tou-ching. 


On the slopes above the former place thick soil beds are seen full 
of quartz pebbles of varying sizes and tints. At first there is a 
slight descent to the Ching-an Ho, a tributary of the Shweli, and 
about \ mile from the valley the hot springs of Huang-taao-pa 
are passed. Here a copious supply of hot water bubbles out of the 
ground, just below a small blufi of rather fine-grained biotite mica 
schists containing abundant, small felspar crystals. There is a 
strong smell of hydrogen sulphide in the immediate vicinity, but 
the water appears to be unusually pure as there are no deposits 
from it. The road now ascends up the left bank of a stream tribu¬ 
tary to the Ching-an IIo, which drains the south-easterly e.Kten- 
sion of the very much diminished Irrawaddy-Salwccn divide. For 
the first 3 miles up this valley there arc practically no exposures 
as the detritus of the stream and the cultivation of its alluvial patches 
mask all the rocks, but near the road numbers of quartz boulders 
are strewn about. After this the track is worn d.^ej) into soft out¬ 
crops of decomposed gneiss, and at 4 miles coarse gneissose granite 
is seen with its foliation planes striking north 20“ east. A sjmilar 
rock continues until a few hundred yards below the top of the 
range, which is reached at 5’ miles, elevation G,8(K) feet, when a 
true biotite granite replaces it. It is followed a short distance 
down the other side hy white aegen 

thin bands of biotite echist which have a vertical dip ai 
strike north 32“ west. The exposure is a small one and ,s soon 

IttS ht a:el!XnTct^::^s ‘f l^t 

of the plain are built on this terrac., h time 

in height down strrani, that is to t e^o ■ 

the river is actively J when an 

is a steep ascent m an easterly direction 
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elevation of 7,700 feet is attained at 8 miles, the commonest type of 
rock found on the way up being a hard, lustrous, silver-grey phyllite, 
which weathers down into small, multicoloured fragments of red, 
brown and bluish shades. Thin quartz veins are quite common 
in this rock. The strike is north 25® west and the dip usually high, 
but in places it flattens out and low anticlinal folds are then visible. 
The road continues along the top of the bare ridge on which poor 
exposures of the same type of strata were obtained. The stupendous 
gorge of the Salween is first seen down the narrow valley of an 
easterly flowing tributary, but just before this, looking towards 
the north a fine view of the divide, with a glimpse of the M5ng-hko 
plains at its foot, was obtained. At this point, hard greenish slates 
crop out, and interbedded with them 1 noticed two bands of hard, 
bluish-grey, slaty limestone less than 10 feet in thickness, followed 
by decomposed reddish phyllites which reach down to Herh-tou- 
ching.* The most remarkable feature in this march is the diminu¬ 
tion in height, or flattening out, of the Salween-Irrawaddy 
divide in this region. The breadth of country occupied by the 
rocks of the Kao-liang series points to a widening of the folds 
into which they are thrown, and consequently a weakening 
of the compressive forces by which they were crumpled into such 
narrow bands further up the divide. 

From Herh-tou-ching the next stage leads across the Salween 
itself, a distance of 9 miles in a general easterly direction. Aftei- 
continuing along the same ridge for | mile a descent to the river 
begins, the road dropping from 7,500 feet to 2,100 feet at the ferry. 
At first winding easily down the side of a pine-clad slope, only poor 
exposures are obtained, but these are seen to consist of the same 
kinds of rock: soft, reddish, decomposed phyllites, pale green slates, 
often traversed by thin quartz veins and hard quartzites. At 
2| miles I met with hard, angular-fracturing, purple slates out¬ 
cropping on the roadside 100 feet above the little stream which 
rushes down into the small La-m^ng plain. These are fossiliferous 
and have yielded remains of trilobites, cystideans and brachiopod? 
which are the same as those obtained from Pu-piao, and have en¬ 
abled the Ordovician age of the rocks themselves to be fixed defi-,, 
nitely. The older slates of the Kao-liang series strike north 25®—^30®, 
west and dip to the south-west at 35°- -40®, while the Ordovician 
beds appear to strike west 30® north and to dip in a north-easterly 
direction at 60®. The actual junction of the two series was not se^, 



Pabt 4.] CoGMJiN Brown : Geology of Salween <& Mehmg Valleys. 253 

but there is considerable disturbance of the strata and some indi¬ 
cation of a^ fault between them. The thick soil-cap which covers 
everything in the next ^ mile down to the hamlet of La-m^ng is 
strewn with a variety of pebbles and boulders of phyllite, quartzite 
and purple slate, evidently from the Kao-liang series. In the 
village itself, which is surrounded by a little alluvial plain, hard, 
grey, metamorphosed limestones of the older Pahvozoic crop out 
and the steps which carry the road from the upper to the lower 
part of the village are cut into this formation The alluvial plain 
fills a tiny basin-shaped depression surrounded on all sides by the 
smooth tops of pine-clad hills. It is a kind of hanging valley, 
for immediately outside the village, the eye meets the deep gorge 
of the Salween. The cliffs on the opposite side arc bare, except 
for a few straggling pines, and from this point they appear to rise 
to heights of 3,000 or 4,000 feet. The small tributary valleys are 
like the one in which La-m^ng is situated, that is to say, they are 
of a broad, open V shape at the top, in which small villages can bo 
seen dotted here and there, with very steeply graded falls, shallow¬ 
ing down to narrow outlets before they reach the parent stream. 
On each side the view is confined by high bounding ridges while 
the divide can be seen extending to the far .north, its STiow-toppcd 
peaks terminating in a bank of clouds on the horizon. Immediately 
in front and obstructing the view of the valley to the east and north¬ 
east are three, long, rounded hills which appear to rise straight from 
the narrow part (Plate 24, lower figure). Further north another 
one can be seen rising from the Mong-hkd plains. They are covered 
with bright Indian-red soil, patched with hill cultivation or clumps 
of pine scrub, while at intervals, exposures of the old metamor¬ 
phosed limestone protrude through the surface. After turning to 
the north-east, the road makes a detour to the south-east down 
the side of a ravine and then zigzags along the spurs in full view 
of the river. For the first 1| miles below Lameng the old 
metamorphosed limestones are found, when they are replaced by a 
vertical band of red sandstone which strikes north 35 40° west, 

and is followed by a thin layer of limestone breccia, and then by 
another 300—400 feet of the ancient, brecciated limestone. Below 
this a thick band of decomposed, igneous rock occurs, followed 
at once by the laminated, light grey limestones of the Carboni¬ 
ferous. These are not metamorphosed in the slightest degree and 
are fossiliferous, as they show sections of brachiopods on their 
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flat, weathered surfaces. They strike north and south and dip 
at 85** to the east. Further down still, at a place about 300 feet 
above the river, a platy, dark greyish-blue band shows impressions 
of bivalves, a specimen of which I collected but which has not 
been determined yet. 

At the ferry the river flows between almost perpendicular lime¬ 
stone cliffs rising sheer out of the water for 600—^700 feet. The 
river itself is about 100 yards across, and at this point the currrat 
is slow and the depth very great. It is noteworthy that the small 
tributary streams come down in the rainy season with a force 
suflBciently strong to wash small deltas out into the main riv^, which, 
large as it is, is not powerful enough to remoye them quickly. These 
are not deltas in the true sense of the word as they are formed for 
the greater part of immense angular masses of limestone, doubt¬ 
less produced during the landslips which score the sides of the upper 
parts of the tributary valleys. The flood level of the river was 
clearly visible at least 50 feet above its winter one. Leaving the 
ferry the route runs at first southwards, and then turns to the 
east, ascending almost 1,000 feet m a mile, after which it continues 
to rise more easily to Tai-ping-tzu, reached at mile 2 from 
the ferry, at an elevation of 4,000 feet. Over the first ^ mile 
of road, the Carboniferous limestones crop out, to be followed by a 
decomposed, basic, igneous rock of a greenish colour, which is well 
displayed in the bed of the rivulet flowing through the village, in 
very cracked and jointed outcrops with superficial brownish and 
reddish tints. 

From Tai-p’ing-tzu the next stage leads the road in an easterly 
direction to the village of Wan-chia-tien. From the first place 
there is a steady climb of about 1| miles up the steep ridge behind 
the village. For about f mile the decomposed, basic lava crops out 
in sections that are identical with those seen lower down, but 
at that point where the road takes a sharp turn to the north, lime¬ 
stone breccia, consisting of broken and recemented, angular frag¬ 
ments of limestone formed into a hard rock, comes in, and is soon 
followed by exposures of the typical, metamorphosed limestone 
weathered in the peculiar manner of this rock, so that each broken 
particle is clearly defined. Continuing over outcrops of similar 
rock the road reaches an elevation of 5,200 feet at Ma-i-shui where 
reddish, shaly tuffs, breaking down into irregular fragments 
und^ the action of the weather, are found striking nortii 35° w^t 
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o£ the Salween flowing through the low MBng-hko plains, backed 
by the ^ wi^ o£ the ^t divide. At 3| miles the road reaches 
the south^ ^e of a ndge overlooking a deep valley, along which 
thick bands of greenish taffs, with the same strike as the ones, 

are oto^. They are foUowed by another layer of a decompos«j 

amygdaloidal lava which only persists for a few yards, to be replaced 
by the gr^ Carboniferous lunestones again, striking north 30“ west 
md dipping north-east at 61". These limestones are traversed by 
joiut planre separating them into large, rectangular blocks and 

th^ weather with smooth surfaces. When disint^ration proceeds 
still further, they form stony hill-sides covered with reddish-brown 
soil and pierced by small isolated outcrops. The older metamor¬ 
phosed limestones are always brecciated and form cliff exposures 
the surface of which is rough and honeycombed. The soil produced 
from them has a bright Indian-red tint. 

The grey limestone bands are found for another 3 furlongs 

across the level summit of a small col until they are replaced at 
the foot of the last ascent to Teng-tzu-p’u by platy, yellowish 
dolomites with shelly bands, full of the fragmental remains of innu¬ 
merable bivalves and other fossils. The rocks on this ascent are very 
varied and complicated and the sequence as far as I was able to 
make it out was as follows, commencing from the bottom of the 
hill 


(1) 35 feet of reddish-brown, fine-grained, shale-like tuffs. 

(2) —?—^|feet, hard earthy limestone with numerous broken 

fossils on the bedding planes. 

(3) 12 feet, greyish marls with hard bands. 

(4) A thin band of greyish-white, porcellanous limestone 

with dendritic markings, 6 inches thick. 

(6) 8 feet, light red shales. 

(6) A band of earthy limestone with fragmentary fossils, 

4 inches thick. 

(7) 3 feet of reddish shales. 

(8) 7| feet of massive grey limestones with yellow patches 

and calcite veins. 

(9) —?— feet, reddish shales. 

(10) 18 feet greenish-grey marls and reddish-brown shales, 

with two thin limestone bands. 

(11) 3 feet massive, whitish-grey limestone. 


^2 
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(12) 13 feet, reddish shales. 

(13) 8 feet, yellowish dolomitic limestone. 

These rocks are very disturbed and the strike can be seen veering 
round from a few degrees west of north to north-west. For 200 
yards beyond the yellowish, dolomitic limestones mentioned above, 
a thick layer of soil hides all exposures, but above this, the massive, 
grey limestones crop out again in thick, independent bands, and 
between them and Teng-tzu-p’u there arc rapid alternations of 
igneous bands, red tuffs and thin limestones. I cannot give a 
continuous sequence of these rocks, as the road crosses fields of 
peas and tobacco amongst which they are found and by which they 
are partly covered. The strike of the limestone bands is, however, 
north 20° west and the dip north of east at 77“. It is probable 
that the high outstanding ridge or shelf on which the village is 
built is formed of the old mctamor})hoRed limestone, the steep 
slopes above the road being covered with outcrops and fallen blocks 
of this rock. Above Teng-tzu-p'u there is a slight rise followed 
by a similar descent around the head of a small tributary valley, 
on the far side of which dexsomposed igneous rock is again overlain 
by a bold limestone scarp, which strikes north-north-west—^south- 
south-east. This igneous band replaces the limestone about a 
furlong from the village. The pass itself is reached about 2 miles 
from the village at an elevation of 6,800 feet and on both sides 
the old metamorphosed limestone crops out. To the cast a high, 
conical, limestone hill rises, and the small cultivated area further 
down is bounded by cliffs of the same rock. The village of 
Lushui lies just below the pass, and a little further on, the 
platy grey and bluish limestones of the (Carboniferous were again 
found with a north 15° west strike and a dip of 63° towards the 
east. The track now winds around the small, cup-shaped depres¬ 
sion below the village, crossing reddish and bluish shale-like tuffs 
which are succeeded by a thin band of decomposed lava. As the 
road turns east along the side of the spur with the narrow valley 
of the Shih-tien Ho on the left, the old metamorphosed limestones 
are seen again, rising up to form the crest of the conical hill which 
was observed from the pass, and along the flanks of which the 
road now runs, to the lower village of Lu-shui around which 
limestone cliffs rise. In the village itself, and as good expo¬ 
sures in a small stream just below it, are rounded masses of a 
greyish-blue ignepus rpek ^containing bands of an amygdular cha- 
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racter. The track now continues north-north-east down the side 
of the narrow, ravine-like valley of the Shih-tien stream for 3 or 3| 
miles to Wan-chia-tien. The grey limestones of the Carboniferous 
come in immediately after the igneous rock, which does not persist 
more than | furlong beyond the stream, and are seen all the way 
down to Wan-chia-tien as greyish-white limestones which break 
with a conchoidal fracture and form the usual, small isolated out¬ 
crops. Certain bands in the rock mass have an oolitic appearance, 
and from others I obtained a few corals. On the surface of a lime¬ 
stone block used in the building of a house in Wan-chia-tien I saw 
two Spirifers. 


From Wan-chia-ticn a march of 10 miles in an easterly direction 
leads to the Shih-tien plain. Just above the village, thinly-bedded 
limestone bands strike north 28“ west and dip towards the south¬ 
west at 25“—30°. For the first ^ mile limestone shales continue, 
but at I mile they are replaced by thick bands of greyish-black, 
calcite-veined limestone which continue down to the Rhih-tien Ho 
at mile 3^, elevation 4,300 feet. J’hey form small cliff exposures 
of a light reddish-brown colour above the bridge which crosses 
the stream. From the latter there is a slight ascent to the small 
alluvial plain of Hsiao-pai-i, which is only about ?. ^ mile acr^s, 
and which is watered by a small tributary of the Rhih-tien Ho. 
This stream has cut through the alluvial deposits to the rock below, 
and good sections of the sand and pebble beds which fill up the plain 
are to be obtained. immediately on leaving it- the ancient 
metamorphosed limestone series is again found all the way up e 
steep ascent to Hsiao-shui-ching which has an elevation of ), 
feet and is reached 2^ or 3 miles further on. Just beyond this 
village, at the head of a small valley running south-west, laminated 
grey limestones and calcareous shales with bands of calcite crop 
out, but from this point to the top of the ridge ^ 

Shih-tien plain on the we^t, at an elevation of 0,8;^ fee , J 
found two exposures, one consisting of mies-ones a 

shales, striking north-east and dipping at high angles to t 
west, and the other of decomposed 

the sequence is hidden beneath pine forest am e ^ 

which this kind of vegetation is always associated. 

the hill to the Shih-tien plain which has an elevation of o 100 feet 

(Plate 26, upper figure) and lies miles further ^ 

the fossiliferous series of Ordovician and Silurian strata which 
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I have already discussed in a previous paper of this series, and 
which has yielded such interesting palaeontological results in the 
hands of Mr. Cowper Reed. (Plate 24, upper figure.) 


TRAVERSE No. 6. 

From the Shih-tien plain to Shun-ning Pu. 

r 

These two places are about 70 miles apart, and the journey 
between them was done in six marches, the first of which led south¬ 
wards from the plain, after which the road proceeded in a more or 
less easterly direction, with a few local changes, across country 
drained by the Wan-tien Ho and its tributaries, affluents of the 
Salween and the Mong-you Ho which flows into the Mekong. 

The alluvial plain of Shih-tien has an elevation of 5,100 feet 
above the level of the sea. On the west it is bounded by steep 
slopes which end in a straight sky-line, but on the other side, es¬ 
pecially to the south-east, the heights have a very irregular outline. 
By the aid of a telescope I could make out the purple shales which 
seem to constitute the lower parts of these ranges, but towards the 
end of the valley on the western side, well-marked limestone scarps 
are to be seen. The plain is left behind about one mile beyond 
Shih-tien, and the road running in a south-east by south direction, 
ascends very steeply from 5,100 to 6,400 feet in 3 miles, to the 
crest of a ridge which divides the watershed of the Shih-tien Ho 
from that of the Yao-kuan Ho, a tributary of the Wan-tien Ho. 
On the ascent I found poor outcrops of sandy shales and soft, 
yellowish sandstones with a few reddish-purple shales somewhat 
higher up, for the slopes around are covered with soil and grass 
often overgrown with scanty pine forest. The actual road-way 
is partly paved with limestone setts, some of which are greyish 
and cidcite veined, while others are reddish or reddish-pink in colour, 
of a lenticular structure, showing sections of Orthoceraa and crinoid 
stems on their polished surfaces. At Ta-p’ing-ti, the small village , 
situated at the summit of the ridge, a Ught grey, earthy limestone 
crops out in bands about 3 feet thick, which dip east at 15®. An 
excellent section of this rock may be found near the way-side shrine 
just below the village. From this point the road descends gradually 
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into the valley of the Yao-kuan Ho, in a southerly direction. The 
flat land on each side of the stream is terraced for rice cultivation, 
and the rare exposures which were seen consisted of red marls and 
soft, rotten, sandy beds, until at that point where the road crosses 
the stream, thinly bedded, dark grey limestones were first 

found. Looking towards the south there is a large, conical, lime¬ 
stone hill forming a prominent feature of the landscape, and to the 
east of it another well-marked limestone bluff exists. Decomposed 
purple shales are found below the limestones and just where the 
road enters the long, narrow plain which extends, for or 4 miles, 
as far as Yao-kuan, there is a poor section exposing very contorted, 
soft, yellowish, sandy beds and reddish and reddish-purple shales 
apparently invaded by a dyke rock, but the whole outcrop was 
so excessively decayed that the nature of the latter could not be 
determined. Immediately beyond this, crushed and metamorphosed 
greyish-white limestones come in and grade imperceptibly into typi¬ 
cal, unaltered, dark grey, crinoidal limestones of the Carboniferous. 
The actual contact of the liuiestoiieM with the shales is 
by the soil of the valley, but the extensive metamorphism of the 
rocks on both sides of this line lead me to suggest a fault as e 
junction of the two series which seem to belong to the Ordovician 
and the Permo-Carboniferous respectively. 

Below this point there is a small lake, evidently the remains 
of a very much larger one which once filled the valley and gave 
rise to the alluvial and lacustrine deposits which it 
It is surrounded on three sides by limestone ®arps which to 
rugged tops to the surroundmg hills. New Yao-kuan 
of Lt yeLwish marls irregularly marked and striped «“■ red w“ 
W. A eaxeful search in these only revealed the 
fill remains of graptolites. Where the bridge crosses the mam 
“eamTove YailLn for the last fime. purple sla^ emp 
and are succeeded by thmly-bedded ^d hig ^ 
at a place where a large spring gns es o nightfall and 

rice pto. I crossed ovm these sections ^ they 

could not make a detailed examination but I behe 

belong either to the 0“;;;;J'‘,:^Twan-tien, a distance 

The next ^eh the road proceeds in a 

of 11 miles. For the first half ol • the east. After 

south-easterly direction, afterwards „£ decomposed, 

leaving the smell Yao-kuan plam. poor exposures ot nee p 
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variegated shales are passed as far as Hsi-pa, where drab and grey, 
lenticular limestones very similar to the Ordovician limestones 
crop out beside a spring which issues from below the road. The 
small Pai-ma valley is now crossed, the road running straight 
across it. 

On the ascent out of it, to the south-east, dark greyish-blue, 
crinoidal limestones were seen but they are quickly replaced by 
massive, black, micaceous slates, much broken and jointed, stained 
yellow and brown at the outcrops, and doubtfully striking north 
20° east. From these beds I obtained Monograptus^ which proves 
their Silurian age. At 4 miles, yellowish and greyish-white mica¬ 
ceous bands were found mterbedded with the black slates, after 
which the road enters a narrow ravine formed by the bed of a small 
stream flowing straight across the strike of the strata (Plate 23). 
As the road ascends this valley, the black slates are replaced by 
purple varieties which dip and strike in the same directions. To¬ 
wards the summit exposures become fewer. Crossing under a 
small wooden arch erected over the road, a common Yiinnanese 
method of denoting the top of a pass, a very extensive view of the 
country to the south and south-east is obtained. The sides of the 
valley below, formed by a small tributary of the Wan-tien Ho, 
rise steeply for almost 2,000 feet, and the valley of the parent stream 
itself is also very deeply excavated. Indeed the general features 
of this region forcibly recall those of the main Salween valley. 
The road proceeds along the northern ridge for 4 miles attaining 
an elevation of 6,800 feet at 8 miles. There is a remarkable paucity 
of rock exposures owing to thick soil and grass covering the hill¬ 
side ; however, I noticed bleached slates, which appear to be much 
the same as the purple slates found in the ravine further west, 
but discoloured by exposure,—and also harder and more arena¬ 
ceous, yellow shales. Near the village of Ma-i-tsun, purple slates 
occur which are not metamorphosed and contain small crinoid 
stems. These rocks are easily distinguished from those of the 
older Kao-liang series as they are massive, and do not break easily, 
whilst their bedding planes are hardly marked at all. From 8 miles 
a long descent commences which becomes steeper at the bottom 
near the Wan-tien plain, reached at 11 miles, at an elevation of 
2,600 feet. As the road zigzags down through thick jungle there are 
plenty of rock exposures as the soil cover is not thick. For the 
most part they consist of a uniformly hard, reddish-purple mudstone 
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or slate, with a very fine-grained matrix often speckled with tiny, 
glistening films of mica. I sought carefully for organic remains 
all the way down but only discovered a few small, crinoid stems 
and one doubtful cystidean plate, too fragile to carry away. The 
strike is usually constant at about twenty degrees east of north, 
sometimes the angle was a few degrees less, and lower down it 
veered round to the north and south with a dip of 45° to the west. 
These beds vary little in colour except in situations where they 
have been long exposed to the action of the weather and sun, when 
a bleaching takes place resulting in a patchy coloured rock of yellow¬ 
ish shades mottled with grey. In the last IJ miles a greyish-white 
shale is followed by thin limestone bands, yellow, grey, pale pink 
and mottled bluish-white and grey in colour. Some of these bands 
contain abundant crinoid stems. They break with a rough frac¬ 
ture and are then seen to be reddish-yellow and mottled grey 
rocks intersected by thin, calcite-lilled gashes. They disappear under 
the alluvium of the valley plain. 


The Wan-tien plain appears to be of alluvial origin and is not 
an old lake basin. The pebbles brought down by the river are 
composed of sandstone and dark limestone. The Wan-tien Ho 
is known to the Shans, who inhabit its deep valley, as the Nam 
Hka, and is the southern continuation of the stream which drams 
the large Yung-ch’ang Fu plain. It is crossed by a ford at 1| 
miles, whence the road commences to ascend gradually across 
poor exposures of soft, speckled, greyish-yellow sandstones with 
decomposed shales in places. At about 3 miles, 3,1( ee e ova¬ 
tion, thick forest is met with making geological work almost impos- 
ribi; It continue, until the Mb mile, at 4 800 M when the 
climb becomes a more gradual one again. At .>, ’n 

f, miles from Wan-tien, very decomposed reddish and ' 
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reddish-purple shales. Slowly rising up the IdEt bank of this narrow 
valley, the road now passes directly underneath the limestone 
bluff which was foimd to be made up of greyish-white, intensely 
metamorphosed limestone. A small landslip on the opposite side 
had exposed thin alternations of reddish and greenish shales, hard 
sandstone bands, layers of carbonaceous shale and thin seams of 
impure coal, which appear to be long drawn out lenses, rather than 
well-marked seams. This succession seems to underlie the metamor¬ 
phosed limestone, but the exposures are too poor to enable me to be 
confident on this point. The limestone continues in typical outcrops 
and large fallen blocks until the final steep ascent to Xan-kou, 
which occupies | mile, is reached, when it is followed by poor 
exposures of a decomposed igneous rock, certain portions of which 
are amygdaloidal. 

From Kan-kou a march of 13 miles brings one to the Ta-mung- 
t’ung plain, the general direction being eastward and the elevation 
dropping from 6,500 feet at Kan-kou to 3,750 feet, the general 
altitude of the plain. From the top of the first hill, shortly after 
leaving the village, scarps of old, metamorphosed limestone are 
seen to form prominent features of the landscape towards the east 
and north-east. In the third mile a short detour to the south-east 
is made, and near Ma-li-tsun, a small hamlet of two or three houses, 
sandy yellow marls crop out. At the highest point attained, 
that is 6,900 feet at 5 miles, hard, light sandstones are exposed. 
The surrounding country is covered with thick forest, with a few 
clearings under hill cultivation, grass or bracken, and it was very 
difficult to see anything of the rocks beneath. At 6 miles, I noticed 
pale red sandstones with darker bands of a terracotta shade al¬ 
ternating with pale pink and mottled pink and white, soft sandstones 
and an occasional thick bed of dark grey sandstone. The series is 
unfossihferous and strikes north 25° west. There is now a descent to 
a small stream at 6J miles, elevation 6,400 feet in the bed of which 
there are sections of hard, greyish-yellow sandstones. Just below the 
village of Pa-ta-shan, thin beds of soft sandstone strike north 10° 
west and dip towards the east at 68°. | mile up the stream which 
runs down the small valley in which this village is situated, mas¬ 
sive conglomerate bands, the biggest of which is 30 feet thick, 
strike north 20° west and dip towards the east at 40°. They contain 
large pebbles of quartz, quartzite and sandstone. Before breaching 
the conglomerate bands the stream flows along the strike from the 
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north down a' small, alluvium-filled valley fonned at the junction 
of the conglomerates and the soft shales, which build low, rounded 
hills on the east, in marked contrast with the bold relief of the 
conglomerates. The red shales are followed by hard sandstones 
along which th^ track proceeds for | mile, perched high up near 
the top of the dip-slope, before turning down a small ravine covered 
with thick jungle growth and opening out towards Chin-mu-ling 
at 8 miles, elevation; 6,000 feet. This place is situated near the 
cre^ of the high ridge which confines the Ta-mung-t*ung valley 
on the west, and the latter is first seen from a point just above it^ 
Towards the north the broken country in the direction of You- 
tien is visible ; to the east the bounding wall of the Ta-mung-t’ung 
plain, and towards the south the high ridge which runs south-west 
from Shun-ning Fu, with peaks reaching an elevation of over 11,000 
feet and dividing the waters of the Nam Ting from the streams 
further north. Down to Hsiao-chai, at an elevation of 4,500 feet, 
the road winds through very forest-clad country in which there are 
no good exposures though a few poor outcrops of bleached sand¬ 
stones and red shales were seen. From Hsiao-chai to the plain at 
13 miles, elevation 4,000 feet, there are exposures of dark, biotite 
schists, dark, greyish-blue phyllites and finely laminated, muscovite 
phyllites, typical rocks of the Kao-liang series. The alluvial deposits 
which fill up the valley are made up of slightly cemented pebble 
beds, sands and sand rock. 

A march of 15 miles from Ta-mung-t’ung in a general north¬ 
east by easterly direction leads to the Mung-you plain at an ele¬ 
vation of 5,500 feet. For a mile or so the road follows a north¬ 
easterly direction and then turns more to the east along a spur, 
at first on the northern side, and later on the southern one, but 
on both sides above deep valleys drained by small streams running 
down to the Ta-mung-t’ung Ho. The ascent leads gradually up 
to Ch’a-lu-kai at an elevation of 6,000 feet. The whole area is 
thickly wooded and exposures are exceedingly infrequent and poor, 
but the ones which were seen consisted of the same types of rock 
as those found on the descent down to Ta-mung-t’ung,—decom¬ 
posed mica schists, bleached phyllites and an occasional quartz 
vein. At the top of the ridge an extensive view to the south is 
obtained. On the opposite side of the smaU tributery valley a 
great cliff-like exposure of limestone forms the sky-line. The ^ sur¬ 
rounding country is very cut up into steep-sided, narrow ridges 
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with deep valleys between them. (Plate 26, lower figure.) On the 
descent, at 9 miles, greyish-blue, calcite-veined, limestones crop 
out, forming two prominent hills close to the road. All the 
way down to the plain rocks of the old Kao-liang system 
continue in the form of reddish and variegated, fine-grained, mica¬ 
ceous schists, dark phyllites and a few bands of quartzite. Quite 
close to the plain there is a good exposure of one of these latter. 
In the bed of the Mong-you Ho I noticed pebbles of similar rocks. 
The plain itself is of alluvial origin and the villages are built on 
outlying spurs which overlook the rice lands of the valley. 

From Mong-you to Shun-ing Fu is a distance of 12 miles in an 
easterly direction. 

After crossing the plain a steep ascent commences through a 
cutting in which micaceous phyllites with numerous quartz len- 
ticles are exposed. At 3 miles the strike is north and south and the 
dip at 58° towards the east, though at the same time there is consi¬ 
derable folding and contortion in these strata. Identical rocks con¬ 
tinue to the top of the ascent at miles, elevation 7,500 feet. At 
this point a fine-grained granite crops out in good exposures which 
continue for I mile and are then replaced by the phyllites once 
more. From the summit the general direction to Shun-ning Fu 
is south-easterly, and the phyllites fill up the ground until about 
two miles from the city the intrusive granites occur again. The 
elevation of Shun-ning Fu is 5,800 feet, and there is practically 
no valley plain though a little alluvium exists on both sides of 
the river in the vicinity. On the other hand, the hill-sides are 
terraced to a height and degree which I have never seen equalled 
anywhere else in Yunnan. 

TRAVERSE No. 7. 

From Shun-ning Fu to Yung-ch’ang Fu. 

Around Shun-ning Fu there is a great development of white 
granite which appears to me to be intrusive into the old rocks of 
the Kao-liang group. 

The first stage of 12 miles from Shun-ning Fu, which has an 
elevation of 5,800 feet, led me in a general westerly direction to 
Mong-you. As I have already given an account of the geological 
features of this journey before, it is unnecessary to repeat them 
here. The general direction of the route I followed from this point 
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was towards the north-west and I estimate the distance between 
Mong-you and Yung-ch’ang Fu at about 60 miles. 

The second stage leads to the village of Hsiao-chiao, 12 miles. 
The road follows the course of the Mong-you Ho, a tributary of the 
Mekong, in a westerly direction for 3 miles and afterwards to the 
north-north-west, at times close to the river, and at others across 
spurs further away from it. The Kao-liang series continues the 
whole way, but owing to thick common jungle and pine forest, 
exposures are poorer even than usual and it is impossible to record 
a connected sequence. Hard quartzites, hiotite phyllites and greyish, 
micaceous rocks are the commoner types. Owing to their distur¬ 
bance and decomposition at the surface no dip or strike observations 
were taken. 

Still ascending the valley of the same stream the next march 
leads to the town of You-tieri, a distance of 12 miles. On the western 
side of the valley just opposite Hsiao-chiao, a hot spring issues 
from beneath a limestone bluff. There is a copious discharge of 
hot water and a stroiig smell of sulphuretted hydrogen in the im¬ 
mediate neighbourhood. The limestone is chalk white in colour 
and overlies the older strata, for decomposed quartzitic grits and 
slates crop out in the stream-bed just below it. As the road con¬ 
tinues along the east bank of the river it crosses similar rocks, but 
on the opposite bank the limestones can be seen. Crossing by 
a bridge at Ta-chiao there is an ascent up a steep hill-side covered 
with limestone outcrops. At first they are like those found lower 
down stream, that is, brecciated and unfossilifcrous, but after 
crossing the summit of the ridge darker grey limestones were found 
which appeared to contain fragmentary fossil remains. I regard 
the latter as belonging to a Carboniferous horizon higher in the 
sequence than the brecciated ones, which were again met with 
as hard, broken, pink and white bands, at the descent to a small 
stream just before the village of Ho-mu-chia or Ho-pien was 
reached. 

Between this point and You-tien (elevation 5,900 feet), when 
not on the alluvial deposits of the river, I crossed coarse felspathic 
grits and fine-grained, silver-grey phyllites. Near You-tien there 
are the remains of a high-level river terrace 20 30 feet above the 
present stream-bed. On this march I noticed much dry cultivation 
on the slopes, but the ascents and descents are not great, though 
the area is a very dissected one. The smaller ranges have no 
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continuous well-marked direction but to the north-west there is a 
fairty high ridge. 

Soon after depa^ing from You-tien I left the main Yung-ch’ang 
Fu road which then crosses the ridge separatmg the valleys of the 
Mung-you and ^iVan-tien Ho’s, and Altered unsuffveyed countiy 
to the north-west and north. Owing to this 1 am not able to locate 
exactly the boundaries of the various formations crossed, and my 
map of this particular region is not intended to be more than a 
general approximation to accuracy. For two days I wandered 
in various directions across deeply dissected country, covered for 
the greater part with forest, and made up of rocks of the‘ Kao¬ 
liang system. Only poor exposures were met with, but they were 
sufficient to prove that slates of reddish and bluish shades with 
quartzite bands and a few thin quartz veins were the typical rocks. 
They often had a dip of 30°-50° approximately to the north-east. 
Further to the north, that is to say in the area which lies about 
half way between You-tien and Yung-ch’ang Fu as the crow flies, 
the valleys become deeper and the ranges more individualized. 
Their tops have an irregular broken outline and the main spurs 
run east and west, between what appeared to me to be the smaller 
tributaries of the Wan-tien Ho. Between Mai-tzu and Ping-tai, 
the Kao-liang rocks are well developed but further to the north and 
north-west, limestones cover the greater part of the country. High 
arid, stoney ridges run in an approximately north and south direction, 
and judging from the serrated peaks to the south-west, stretch 
far away in that direction too. Before the Yung-ch’ang Fu plain 
was reached I crossed an undulating rocky plateau traversed by low 
limestone ridges. (Plates 25.) 

EXPLANATION OF PLATES. 

C The Mekong valley N. of Shun-ning Fu. 

C The Shweli and its terraces at Kan-Ian-chai. 
fThe Hsia-Kuan Ho breaking through the T’sang Shan range. 
I The Mekong gorge below Shui-chai, Yung-ch’ang Fu. 

Eavine between Yao-Kuan and Wan-tien. 

C Lower Ordovician rooks west of the Shih-tien plain 
(.Limestone hills in Salween valley below La-meng. 

( Limestone country, S. E. of Yung-ch’ang Fu. 

C Granite-country between Lung-ling and Tuan-chia-chai. 

(The Shih-tien plain. 

I Country west of Mong-you, Shun-ning Fu district. 

The Yung-ch’ang Fu plain. 

Map of Yunnan. 


Plate 21 .— 

Plate 22 .— 
Plate 23 .— 
Plate 24 .— 
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Plate 26 .— 
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A Fossil Wood from Burma. By Miss Ruth 
Holden. (With Plate 29.) 

T he extraordinary abundance of fossil wood to be found in Upper 
Burma has been noticed by all travellers in that region from 
the time of Crawfurd’s visit in 1827i to the present date. So strik- 
ing is its occurrence that the beds in which it appears were long 
known as the Fossil "Wood Group. More recently, however, a 
certain number of specimens have been found in the underlying 
Pegu series, so, to make the distinction between the two series clear, 
the name of the upper one has been changed to Irrawadian. As re¬ 
gards age, the former is referred to the Oligocene or Miocene ; the 
latter to the Pliocene. The manner of preservation has been a 
subject of more or less controversy, Buckland® states that part is 
calcified and part silicified ; Theobald^ asserts that “ none of the 
fossil wood is mineralized by calcification,” and this observation is 
confirmed by Oldham.® Pascoc,^ however, says that both types 
of petrifaction are to be encountered, though the former is the more 
common. The nature of the wood has always been a mystery. 
Buckland® suggested that it resembles the tamarind, but presented 
no evidence pointing to such a conclusion. On the other hand, the 
natives of Pegu® claim to be able to recognize two varieties, one of 
which they identify as the modern Enjin tree (Ilopea suava) and the 
other as the Thiya {Shorea obtusa). In order to settle the matter, 
Theobald in 1867 sent some specimens to the British Museum for 
microscopic examination, but the preservation proved to be so un¬ 
satisfactory that it was only possible to ascertain that it was exo¬ 
genous, not coniferous. Even in 1895, Noetling’ comments on the 
fact that though quantities have been brought to England, no 
scientific investigation has hitherto been made. In 1914, however, 
Mr. F. W. Cuffe, presented to the Sedgwick Museum, Cambridge, 
a calcified specimen from Gwedindon in the Sagaing District. This 

^ Crawfurd, 1827, 

® Paaoop, 1912, 

* Buckland, 1828. 

• Theobald, 1873. 

® Oldham, 1856. 

• Theobald, 1869. 

»Noetling, 1896. 
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was submitted by Dr. Arber to the writer for sectioning, and although 
the condition of the tissues leaves much to be desired, it is believed 
that its miscroscopic structure may be made out with sufficient 
detail to warrant description. 

The material consists of two blocks, each about ten inches long, 
composed exclusively of secondary xylem. In the hand specimens, 
the annual rings appear to be well marked, averaging from *3 to '9 cm. 
in width, but as will be explained later, one cannot be sure that these 
correctly represent yearly increments of growth. 

When studied microscopically, the preservation is seen to be 
very uneven, indicating that the wood had partially decayed before 
petrifaction took place. By a careful examination of selected areas, 
it is possible nevertheless, to ascertain the structure in considerable 
detail. The general features of the transverse section are indicated in 
PI. 29, figs. 1 and 2. The vessels are very large and are scattered 
uniformly throughout the wood, without the differentiation into spring 
and summer elements characteristic of ring porous woods. As a rule, 
they are isolated, though at times they form radial groups of 
rarely more than three or four. The walls are comparatively thick, 
and abundantly pitted, especially where they are in contact with 
the cells of the rays. The character of the end walls could not 
be made out, but the study of living woods indicates that this is 
not a feature of any great diagnostic importance. Thus, while the 
more primitive types, such as Betula and Alnus, generally have 
scalariform openings, and the higher ones,—the Leguminoseae—, have 
one large pore, many of the Fagacese combine both types. An 
extremely constant feature, however, is the abundance of tyloses 
which seem to fill completely the lumen of every vessel. These usually 
contain a dark resinous substance. 

The rays contain this same substance, which causes them to 
stand out in the photographs. As shown in figures 2 and 3, they 
are ordinarily one cell wide, and vary from six to twenty ceils in 
height. In the radial sections (figs. 4 and 5), the individual cells 
are seen to be rectangular in shape, while those on the margins not 
infrequently tend to become higher and more nearly square than 

those in the centre. Indications of such a condition may be dis¬ 

cerned on the lower margin of the ray shown in figure 4, but it is 
far from being universal. 

Wood parenchyma is very abundant, and occurs in two definite 

positions, around the vessels and in tangential rows. In general, 
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the vessels axe so large and the rays so close, that each vessel is 
necessarily bounded radially by a medullary ray. Tangentially 
there are always wood parenchyma cells, thus ensuring a parenchy¬ 
matous jacket completely encircling each vessel. This probably 
explains to some extent the uniformly tylosed condition of the vessels ; 
it is represented in transverse section by figure 2 ; in longitudinal! 
by figure 6. The occurrence of wood parenchyma in tangential bands 
of two to four cells is equally constant (see figs. 2 and 5). A 
striking feature is that these bands are nearly always double. In the 
description of gross specimens, it was mentioned that annual rings 
appear to be very clearly marked, but when subjected to micro¬ 
scopical examination, it is apparent that these “ annual rings ” are 
not formed by any difference in the size or thickness of wall on the 
part of the tracheides, but by these bands of tangential parenchyma. 
It is probable that at the close of each year’s growth, the cambium 
laid down parenchyma cells, as in many of the living Leguminoseae, 
etc.^; but in view of the irregularities known to exist in the forma¬ 
tion of annual rings by the tropical woods of tc-day, it appears 
safer to leave the question open. 

One other feature of this wood requires mention, but unfor¬ 
tunately the state of preservation renders a definite statement 
impossible. In the lower part of figure 1, a tangential series of 
cavities may be seen ; a single cavity is shown in longitudinal sec¬ 
tion to the left of the vessel in figure 5. Superficially they resemble 
the resin canals formed in many conifers as a result of wounding, or 
the “ gummusis ” of certain Rosacese. A closer parallel is probably 
afforded by the tangential bands of secretory canals found in many 
of the Dipterocarpacese. They occurred but once, however, in the 
material sectioned, and unfortunately in one of the least well pre¬ 
served regions. 

To sum up, the salient points in the anatomy of this wood are ;— 

(1) Vessels large, isolated, uniform in size throughout the 

year’s growth, usually completely tylosed, and often 
filled with resin. 

(2) Rays one cell wide, six to twenty cells high, very resinous, 
marginal cells often higher than those in the centre. 

(3) Wood parenchyma vasicentric, and forming tangential 

bands. 

(4) Tangential rows of secretory canals (?). 


^ Holtermann (1907). 


F 
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We come now to a consideration of the systematic position of this 
wood. As noted above, the two previous suggestions have been to 
the tamarind, and to the Dipterocarpaceae. In microscopic struc¬ 
ture, there seems to be little reason for the former reference, and the 
fact that Tamarindufs is not indigenous in Burma,^ renders this 
suggestion improbable. As regards the Dipterocarpaceae, there is 
much to be said for this view. Through the kindness of Dr. Dawson 
of the Cambridge Forestry School, the writer was enabled to examine 
specimens of Hopea odorata and of various species of Shorea, and 
though specific identification with the fossil was not possible, they 
are clearly all of the same general type. The best description of 
the wood of the Dipterocarpaceae is given by Brandis and Gilg.^ 
According to them, there is an abundance of resinous substance in 
the resin canals, rays, wood parenchyma and vessels ; the rays are 
up to six cells wide, and consist of “ liegenden und stehenden Zellen 
the vessels are large, usually isolated, rarely in radial rows ; the 
resin canals are often in concentric circles, but are frequently spar¬ 
ingly present. With regard to the individual genera, Shorea seems 
nearest to our fossil, with “ Gefassc meist cinzeln ; Markstrahlen 
fast ganz aus liegenden Zellen bestehend, mit einzelnen kubischen 
Zellen aus oberen und unteren Rande. Holzparenchym um die 
Gefasse und in feinen 1-schichtigen Querbiinden zwichen den Mark¬ 
strahlen,’' Solereder® states that the rays of the Dipterocarpacese are 
3—5 seriate, and the wood parenchyma abundant; while Guerin^ 
comments especially on the large number of tyloses in the vessels. 
According to his observations, the resin canals are extremely spora¬ 
dic, being sometimes entirely absent. To sum up, the features in ’ 
which this Tertiary wood resembles that of the living Dipterocarpaceao 
seem to be— 

(1) Vessels large, usually isolated, abundantly tylosed, and 

filled with resin, 

(2) Rays highly resinous, marginal cells higher than the 

central ones. 

(3) Wood parenchyma tangentially banded, and vasicen- 

tric. 

(4) Resin canals lacking, or in tangential rows. 


1 Brandis, 1906, p. 263. 

^ Brandis and Gilg, in Engler and Prantl. 1895, in 6, p. 266, 

• Rolereder, 1899. 

* Guerin, 1907. 
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Recent work on tke comparative anatomy of angiosperm woods 
has emphasized the diagnostic importance of the position of the 
parenchyma, and ^ on that character alone, one would be almost 
justified in referring this specimen to the Dipterocarpaceae. The 
only discrepancy is the width of the rays, which according to ’ de¬ 
scriptions referred to above, are at least three cells wide. In one 
species, however, Shorea polysp&rmea^ I found them often uni- 
seriate, and rarely more than di- or tri-seriate. This character, 
moreover, is always variable often within the genus,— e.g., both 
Salix and Populus contain uniseriate and diseriate rayed forms.^ 
As some evidence corroborating the reference of this wood to the 
Dipterocarpacese Heer’s description of Dipterocarpus verbeekianus 
and D. antiguus,^ from the Tertiary of Sumatra, is of interest. 

We may then appropriately call this fossil Diplerocarpoxylmi 
hurmense, with the characters defined above. 

In conclusion, I wish to thank Dr. E. A. Newell Arber for an 
opportunity to describe this wood ; Dr. Dawson of the Cambridge 
School of Forestry for specimens of living representatives of the 
Dipterocarpacese; and Professor A. C. Seward for kindly reading 
the manuscript. 
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DESCRIPTION OF PLATE. 

Fig. 1. —^Transverse section, showing tangential series of resin canals (?). 

Fig. 2. —^Transverse section showing vessel filled by tyloses ; narrow medul¬ 
lary rays, parenchyma vasicentric, and in tangential bands. 
Fig. 3.—Tangential section, showing narrow rays, and tylosed vessel. 

Fig. 4. —Radial section, showing character of rays, and wood parenchyma. 

Fig. 6 . —Radial section, showing tylosed vessel, and vasicentric parenchyma. 
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The Visuni and Ekh Khera aerolites. By H: 
WalkeRj A.R.C.S., Asshtant Superintendent, Geolo¬ 
gical Survey of India. (With Plates 30 to 33*) 

riTHE purpose of this short paper is to put on record the details 
X of the descent of two meteorites which, having recently fallen in 
India, are now in the custody of the Geological Survey of India; 
to give descriptions of their general appearance; and to put for¬ 
ward some observations of their petrological structure. 


1 .—The Visuni Aerolite. 

On the 19th January 1915, near the village of Visuni in Sind 
a meteorite fell. This meteorite, under the name of “Visuni,” 
has now been added to the collections of the Geological Survey 
of India in the Indian Museum, Calcutta. Its registered number 

in the collection is 266. • i i. ,. 1 . 

This meteorite, and an account of its fall, was obtamed by the 
prompt action of Mr. N. B. Mahomed Husain, 
Account of the Fall, Collector of the Nara Valley, Sind, 

who heard the sound of its flight. The stone was forwarded 

to the Collector of Thar and Tarkar (G. E- Chatfleld, Esq., I.C.S.), 
by whom it was sent to the Geological Survey of India. The account 

sent by the Deputy CoUector is as follows^ 

«« j submit herewith vernacular statements of Bberu, 

Banko, ind khVn Mahomed taken by the Hrad Constable, Chor, 
regarding the fall of an asteroid in the vicmity of the vdlage Visoom 

in the Umarkot Taluka and to state as under: 

“ On the 19th January 1915 at about noon, a sharp thunderm^ 

sound was suddenly heard from the ^y m the vdlage of Vjorn 
and immediately afterwards Bheru and others saw a stone M on 

1 1 AA -r^nnaa f A wards the esst of their houses. Bftnko 

the gro^d some 100 p^s ^ 

with other boys went warm and had 

at the place. It was ^r^ve b ^ 

partly forced its way mto the sand wneie m n 

. IV t word is employed in the text of this p»i-er. 

* The Hunterian spelling of the worn is s 
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secured it the boys dug about a cubit deep into the ground but 
nothing else was found. ” 

“ I am informed that the sound was audible throughout the 
Umarkot Taluka and was even heard in Shadi Pali and Samaro. 
It was heard by me at Dhilyar in Khipro Taluka also.” 

“ The aerolite is of blackish colour and weighs 52| tolas. A 
portion of it was broken by the finders to satisfy their curiosity. 
It is submitted herewith for favour of transmission to the Govern¬ 
ment Geological museum in Calcutta.” 

The name Visuni is not to be found on the maps of the area. 

Further correspondence through the Collector 
Location o the . Thar and Parkar elicited the fact that the 

meteorite fell at the village formerly known as Besoee jo Turr, 
which is in Lat. 25° 27' ; Long. 69° 58' (corrected) and is situated 
15 miles E-N-E. of Umarkot. This name has fallen into disuse and 
the village is now known as Visuni. 

With reference to the sound of the flight being heard over a 
considerable area it is interesting to note that Samaro (Samara) 
and Dhilyar (Dhiliar), two places mentioned by the Deputy Collector 
of the Nara Valley, arc respectively 32 miles W. 14° S. and 36 miles 
W. 33° N. of Visuni. I could not find the third name, Shadi Pali, 
on the map. 

The aerolite as received by the Geological Survey weighed 594-1 
grammes, but after a small piece had been 
removed for the purpose of preparing a 
microscope slide it weighed 593-36 grammes. 
It is an almost complete and well preserved specimen. In shape 
it is six-sided; is roughly rectangular; and in nearly all parts the 
edges are well marked. From four corners small pieces of the crust 
have been knocked off and from a fifth a larger area, roughly one 
square inch, is missing (PI. 30 & 31). In colour the crust is dull black 
to shining black with patches of grey-black in places, ‘ Thumb-marks ’ 
are fairly distinct on one surface (PI, 30, fig. 2) and less distinct on 
two others (PI. 31, fig. 1). Lines of ‘ flow-structure ’ are to be seen on 
two faces (PI. 30, fig. 1, PI. 31, fig, 1) and they radiate from one corner 
(A) in such a way as to suggest that this corner was the foremost 
part of the meteorite during its flight. Further, faint indications of 
‘ flow-structure ’ are to be seen on one of the thumb-marked faces 
(PL 30, fig. 2) and they, also, appear to radiate from the above men¬ 
tioned corner. The crust in different parts varies in thickness but 
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not markedly so. It is thickest at the corner which I regard as the 
foremost during flight and is thinnest at the corner diametricpily 
opposite, viz., the portion where most crust is missing. One minute 
vein of nickel-iron is to be seen. Its trace on the surface of the 
meteorite truncates three corners. 

The colour of the fractured parts shortly after the receipt of 
the aerolite in Calcutta was blue-grey and 
The damp. warm atmosphere of 
Calcutta has caused the surfaces to show a 
certain amount of rusty brown colour. The interior is hard, crystal¬ 
line, and chondritic. The chondrules are of two sizes. By far 
the major number are small, from ()'4 to 0'7 mm, in diameter, and 
are not fractured on the broken siirfaces. A few of larger size are 
to be seen from 1’2 to 1‘7 mm. in diameter, and some of them are 
fractured at the broken corners. Small, gleaming pieces of nickel- 
iron are scattered plentifully between the chondrules. These in 
the damp, warm climate of Calcutta, even during the period required 
for examination, are gradually becoming rusted over. On all the. 
surfaces are pieces of a bronzy substance which when treated with 
dilute hydrochloric acid give off sulj)huretted liydrogeii. These 
are most probably troilite. 

The specific gravity of the meteorite was taken by immersing 
it in water, and the result obtained was 3*54. 

Sp.dlicar.vlt,. 

the meteorite out of the water 
the surface was seen to be covered by a series of polygonal cracks 
similar to those seen in the 7 lb individual of the Modoc meteorite.* 
These cracks entirely disappeared when th(; meteorite dried. 

In attempting to determine the systematic position of this 
meteorite I have followed the practice of the 
Classification. Geological Survey in adopting the classification 

of Brezina as laid down by him in Iiis recent pai)er on “ The 
Arrangement of Collections oi Meteorites. 

From the foregoing description it will be seen that this aerolite 
may be referred most naturally to one of the two classes, Crystalline 
Chondrite or Spherical C'hondrite. But the Visum 

aerolite does not altogether fulfil the requirements of cither class 
On the one hand very few of the chondrules break with the matnx 

1 Publication 122, Fidd Uolumbian Mu,scum, (ic,logical Seri.*, Vol. Ill, No. 0, 

1907, plate XXXVIll. oii—nT 

® Proo., Am. Phil, Soc., Vol. XbTlI, 1904, pp 
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as required in the former class, and on the other, the matrix is firm 
and ^rd and not friable as required in the latter class. 1 have 
compared the^Visuni aerolite with those contained in the collection 
of the Greological Survey and I have found that it is very like the 
St. Germain ^en^Puel aerolite. I propose, therefore, to place the 
Visuni meteorite in the class: Stone, No. 37, Crystalline Spherical 
Chondrite, Cck of Brezina. 

In a thin section (No. 12,079^) under the microscope the aerolite is 
seen to consist mainly of olivine. The ground- 
mass is composed chiefly of olivine forming aggre¬ 
gates as small chondrules; but there is a lesser amount of th^ mineral 
^stributed throughout the mass as small, more or less idiomorphic 
individuals. One crystal—well shown in PI. 31, fig. 2—has attained an 
unusual size. It shows crystal outlines; contains irregular patches 
of glassy material, and has a peculiar colour-band with pleochrbism 
from a dull brown to a red brown. This colour-band is almost 
invisible when the crystal is in the position of extinction. The larger 
chondrules arc very much fewer in number and are composed of 
radiating aggregates of enstatite. Nickel-iron is represented in the 
microphotographs by the black patches. It is irregularly disposed. 
In some parts of the slide it is seen to cling to the peripheries of the 
chondrules and in other parts it af)pears to have no relation to them. 
Here and there small pieces of olivine are enclosed in the mass of 
the nickel-iron. 


II.—The Ekh Khera Aerolite. 

This meteorite, No. 273 of the Geological Survey collection, fell 
in the mauza Ekh Khera on the 5th April 1916 but was not found 
imtil the 2lBt of the same month. 

It was received by the Geological Survey through the interest 
of the Magistrate of Budaun, to whom it 
Ftad!*** by Gauri Shankar, the Patwari 

of rmuza Ekh Khera. A translation of Gauri 
Shankar’s report of the occurrence runs as follows:— 

“ I beg to state that on 5th 4pril 1916, at about 2-30 a.m., there 
appeared some light on the sky, which soon disappeared suddenly. 

Soon after this some 8 or 10 fire-balls were seen which seemed to be 

* 

^ This is the registered number of the miciosoope slide in the collection of the 
Qeological Survey of India. 
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coming down to^the eaitli. This was followed by reports wimilAT 
to that of gun firing and after this continued reports were heard like 
that of beating of tins. 

“ Nert morning the cultivators proceeded to the spot where they 
suspected that something had fallen from the sky and searched 
there but nothing was found there. On 21st April 1916, some 
craziers found this meteorite which is said to have fiillen from the 

sky-” 

From the foregoing report it is not clear whether or not the 
fall and find of the meteorite were at Ekh Khera. Enquiries on 
these points were addressed to the Magistrate of Budaun and by 

his courtesy the facts were made clear. He states “.that the 

meteorite fell in Ikh Khera on the Islamnagar-Badaun road on the 


5th April 1916. Many persons saw the meteor which before its 
fall presented the appearance of a large and luminous ball. In its 
transit it seemed to increase in size and coloured flames issued from 
it. This lasted for about two minutes and then after that darkness 
ensued and three sounds resembling the report of a cannon were 
heard in quick succession. A search was made without success on 
the following morning and the meteorite was not discovered till 
the 21st April 1916. It was found embedded in the ground and in 
removing it a portion was broken and has not been recovered. As 
far as can be ascertained only one fall took place and from the fact 
that the meteorite was found embedded m the ground it would 
appear that the fall and find were at one and the same place.” 

The village of Ekh Khera lies in Lat. 28'’ 16'; Long. 78° 47 

(corrected), and is near the Islamnagar-Budaun 
Location of the Fall. pigauii Tahsil of the Budaun 


District of the United Provinces of Agra and Oudh. 

The aerolite U an incomplete one with, probaby, a little 1 m« 
than half its bulk missmg. When received by 
General Description Geological Survey it weighed 840*3 grammes, 
of the Aerolite. to a somewhat 

obtuse scalenohedron with the lower apex removed. The preva-iling 
colour is dull grey-black, but all over the surface are small, shining 
black points where metallic constituents have been fused. Mmnto 

point and fell «. that the apex and the ndge AD were buried m the 
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ground. I have been unable to detect any signs of * flow-structure * 
in the crust, but the surface is very considerably scored by ‘ thumb- 
marks.’ The crust is smooth, thin, and does not vary markedly 
in thickness. One small, fused, metallic vein is to be seen (PI. 32, 
fig. 2, B). Polygonal cracks break up the crust of one of the faces 
(PL 32, fig. 2, F) in a manner similar to that in the Modoc meteorite 
(see footnote, page 275). 

The matrix is hard and firm. When the meteorite was first 
, . , . received the fractured surfaces were pale, 

bluish-white in colour. After some time in the 
warm, humid atmosphere of Calcutta they have become grey with 
red-brown rust spots. Originally it was difficult to detect the 
chondritic structure of the meteorite with the naked eye, but the 
colour changes have accentuated it and made it visible. The 
chondrules are small, on the average I’O mm. in diameter, and they 
break with the matrix. Figure 1 of Plate 33 reproduces the black 
veining of the meteorite. Some of this vein material has a bronze 
metallic lustre and some occurs in the mass of the meteorite as 
irregularly shaped plates (PI. 33, fig. 1, G). This material evolves 
sulphuretted hydrogen when treated with hydrochloric acid and is, 
therefore, probably troilite. Small gleaming points of nickel-iron 
are thickly scattered in the matrix. 

The specific gravity of the meteorite was taken by immersing 
Specific Gravity. il* water. The result obtained was 3’71. 

I have compared this aerolite with those in the collection of the 

ClBMlfication Geological Survey of India and I have found 
that it most nearly approximates to the Bori 
aerolite. I propose, therefore, to place the Ekh Khera meteorite 
in the class : stone. No. 19, Veined Intermediate Chondrite, Cia of 
Brezina. 

A microscope slide (No. 12,314) shows the meteorite to consist of 
Microscopical charac. nickel-iron, troilite, enstatite, olivine and felspar (?) 

with black material in veins which has not been 
determined. In the microphotograph (PI. 33, fig. 2) the irregular 
black patches represent nickel-iron and troilite, which are feiirly 
evenly intermixed in the mass. The grain of the meteorite is fine 
and the minerals are almost invariably granular. In one place 
in the slide there are phenocrysts of olivine enclosed in enstatite. 
The chondrules are chiefly aggregates of granular enstatite, but the 
one shown in the microphotograph has olivine near its peripheiy. 
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A colourless mineral of low double refraction occurs in small quantity. 
It shows indications of lamellar twinning and I have tentatively 
regarded it as felspar. 


LIST OF PLATES. 

The Visuni Aerolite. 

PLATE 30. 

FlQ. 1* A general view oi the aerolite showing the point (A) foremost 
in the flight and the linos of ‘ flow-structure ’ radiating 
from it. 

Fig. 2. The face opposite to that shown in fig. 1. ‘ Thumb-marks' 
and lines of ‘flow-structure.’ 

PLATE 31. 

FlO 1. A view of the aerolite in a jmsition inclined at 45° to that shown 
in PI. 30, fig. 1. 

Fig 2 A microphotograph of a thin section of the aerolite showing 
large and small chondmles and olivine phenocryst. x 
20 diameters. 


The Ekh Khera Aerolite. 


Fig. 1. 


Fig. 2. 


PLATE 32. 

A general view of the aerolite, the point (A) foremost in flight 
being uppomiost. 

A view looking down on the ajicx of the aerolite. 


Fig. 1. 
Fig. 2. 


PLATE 33. 

A view of the broken end of the aerolite showing the black 
veins and the clustem of plates of troilite. 
MiorophotogBiph ofathinwtoof tho«>rolit«. X 2 diometen. 
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«7 


III.-DETAILED AOXJUNT OP THE MINERALS OF. GROUP I. 


Coal. 

QURING the period of six years under review, the output of Coal 

Progress io output ^ 41066,294 tons in 1897 to 

7»43^i 386 tons in 1903, an increase of 83 per 
cent, (table 2). The expansion was, however, mostly confined to the 
first five years of this period, as in 1903 the production exceeded that 
of 1902 by only 13,906 tons. 


Table 2. —Production of Coal during the years iSg8 to igoj* 


Ybar. 

Quantity. 

Total value 
at the place of 
production. 

Average 

value per ton at 
the mines. 


Tons. 

Rupees. 

Rupees. 

18^8 • • • • a 

4,608,196 

1,43,57,436 

3-12 

• • • • • 

5,093,260 

1,59,57.301 

3*13 

1900. 

6,118,692 

2,01,46,222 

329 

1901. 

663s 727 

1,98,50,582 

209 

>9oa. 

7.424,480 

2,05,03,639 

2'76 

1903. 

7.438,386 

1,94.95,741 

2‘62 


From this table it will be noticed that during the latter half of the 
period under review supplies began to exceed the 
demand, and lower prices, on an average, were 
accepted. The average prices paid for coal at the pits mouth are 
rather unfairly stated as values, but the figures are nevertheless intCT- 
esting as indications of the rates at which coal can be raise wit 

profit. The average rate given as Rs. 2*76 ( 3 ^* intic 

C 
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below that of most coal-producing countries of the same year. The 
following table shows the declared pit-mouth value in some other 
countries for 1902 :— 


Countries. 

Per ton. 

Countries. 

Per ton. 

1 . 

United Kingdom 

5 . d, 

8 2»- 

Australia . . 

5 . d. 

7 9 

Germany .... 

8 10 } 

New Zealand . . 

10 0 

United States . , 

.'i 81 

• • k • 

9 3 


A reference to table 3 will show that in 1902 India, for the first 
Comparison of India time, secured the leading ^dace as a coal-producer 
with Canada and Aus- amongst the Hritish' dependencies, although the 

amount of <'oal raised was only 2‘95 per cent, of 
the total for the British Kinpire in the same year, and only 0*94 per 
cent, of the World's total outj)ut. The figures arc not mere curio.sitics 
to those who know the loiiding conditions affecting production. In 
1895 Canada produced more coal than India, but India then began to 
supply the eastern steamship comj)anies in consequence of the high 
prices j)roduccd by the English colliers* strikes of the two preceding 
years, and for the first time the returns for 1896 showed that India was 
leading as coal-producer, but was still well behind Australia. Australia 
was overtaken in 1902, and India thus enjoyed the first place ; but it is 
unlikely that this position will be occupied for more than the one year, 
and the returns for 1903, when published, will probably show India 
giving way, not to Australia, but to Canada. If this prove to be true, 
the causes will be worth the attention of those interested in Indian 
coal-mining. Canada for many years was a small producer of iron and 
steel, and its rich deposits of iron-ore in the region of the Great Lakes, 
where Canadian territory is without coal deposits, were worked for 
export to the adjoining States of the American Union. In 1900 the 
total production of pig-iron in Canada amounted to 86,090 tons and 
of steel 23,577 tons only; but iron and steel works were started in 
the chief coal-producing colony. Nova Scotia, at the end of igoi, 
and the result is a reported production of 3i9>5S7 tons of pig-iron and 
182,037 tons of steel for 1902. Iron and steel-making, more than most 
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manufacturing industries, creates a market for coal, and if this in¬ 
dustry flourishes in Canada, India will resume its second place as a 
coal-producer until its resources in iron-ore can, in the same W'ay, 
be utilized for the consumption of coal. Australia at present is, like 
India, dependent for most of its iron supplies from outside sources, and, 
like India, must depend on other industries and on exports for a 
coal market. 


Table 3 . —Production of Coal in tke three large British Dependencies, 



i 8 gs. 


1899 . 


1900 . 


igoi. 


igo3. 

COUNTRIEtl, 

Metric tonii. 

cerA. of 
!fh output. 

Metric tons. 

<. 

*52 

Metric tons. 


Metric tons. 

SS 

^ ... 

Metric tons. 

•5- , 

^ a 

W •<? 



a! 


-- m 

'u 

A, 




cw 



A.U stralia . 

S.49t>.7;6 

V 

J 4 ^ 



6,479 >)<Ji 

J 6 r 

7,000,337 

3-Sfi 

6 gW.'.H 


Canada . 

3.7«5,373 

»7-’ 

4,i43,:o3 



I 'I'i 

S.<>I3,iO-< 

d'JfJ 

6,930,330 

271 

India . 

4 , 303 , 11,9 

1 

'i.oK>, 3 yo 


ri,3l4,X.S3 


f>.74*,a«4 

3'76 

7i543.6js 

rgs 

TOTAL for 
Brit i ■ h 
Empire. 

220,301.126 

1 

i 

239,995,118 


247,938,725 


241,463,996 


256,003,411 



The market for Indian coal must be limited to(i) its own home 
industries, and (2) tlie Indian Ocean ports, where 

Relation of consump- manufacturing industries requiring coal are 

tion to production. . , r 11 1 j * • 

comparatively few, and where India is not the 

sole supplier of fuel. Tables 4 and 6 show that during the last six 

years India consumed on an average 93 * cent, of the coal produced 

in the country, and, in addition, imported annually, on an average 

298,946 tons of foreign coal, which must ha\e been, in calorific value, 

very little below the slightly larger quantity of Indian coal sent out of 

the country during the .same period. 

The actual annual increment of consumption since 1897 has been, on 
an average, 509,919 tons a year, whilst; the increment of production 
during the same period has averaged 5^2,015 tons. As the figures for 
consumption and production do not differ seriously, the great expansion 

C 2 
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which has taken place in the Indian coal trade must have been made 
possible by industrial developments in India itself. The next few years 
will show whether this expansion is a correct index to the development 
of other industries^ or whether it is the result mainly of increased facili¬ 
ties of transport and of consequent access to new markets. 


Table 4. —Relation of Consumption to Production, 






Consumption OF Indian Coal in lNDiA.(a) 


Year. 


Total 

consumption of coal 
in India. 

Quantity, 

Percentage 
of Indian 
Praduction. 




Tons. 

Tons. 


1898 

• • 

• 

4,650,154 

4,280,929 

p3-p 

1899 

• 

• 

51269,563 

4.788,373 

94^1 

1900 

ft 

• 

S.7I9,>36 

5,576.669 

grt 

1901 

ft • 


6,396.466 

6,110,680 

P2*/ 

1902 

ft 

• 

7,221,241 

6,992,679 

94-3 

1903 

m • 


7,189,167 

6,996,438 

94 'i 


Average 

• 

6 t 07 S* 9 S 4 

S, 790 ,Q 6 t 

93 't 


(0) The consotr ption of roai is assumed to b* production plus imports minus exports. In 
the expoitsa ton of coke is taken to be equivalent to i j| tons coal required for its production. 
The imports include Government stores. 


The railways in India have consumed on an average 29*7 per 
cent, of the coal produced during the past six 
***** years and table 5 shows that there has been 
a slight tendency for the consumption of Indian 
coal on the railways to form a gradually smaller fraction of the output 
from the mines. This is probably not merely a temporary effect, as 
the figures for a corresponding period ten years back, namely, 1888 to 
1893, show, when treated in the same way, that the consumption of 
Indian coal on the railways averaged at that time 32*6 of the production. 
As the differences between exports and imports have been, on an average, 
insufficient to affect seriously the figures for total coal consumption, 
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and as the railways in India now consume a smaller percentage of 
the output than in former years, the expansion in Indian coal pro¬ 
duction may be regarded as a partial measure of the expansion of other 
industrial enterprises. It is not a complete measure of such expansion, 
as new markets have been found in recent years for Indian coal; and as 
probably most of the available markets have been entered now, the 
rate of increase in production in the future will be more nearly limited to 
the rate of expansion in the industries of the country. For this reason, 
the future of Indian coal-mining would be brighter if there were a pros¬ 
pect here, as in Canada, of a sensible development of the metallurgical 
industries; these are the real consumers of coal, and it is only when 
they are developed in India that the expansion in coal-mining will 
make a serious inroad into the enormous supplies of coal available 
in the country, 

" 'able 5 . —Coal consumed on Indian Railways during the years 

',8g8 to *903. 


Indian Coal. 


Year. 


1898 . 

1899 . 


Average 


Quantity. 


Tons. 

. 1,422,103 

• J.557.000 

• 1.855.610 
1,956.601 
2,091.992 
2 203,889 


1,847,866 


Fureion Coal. 

--TOTAL 

Percent. 

Quantity. of 

Total, 



The country is now rapidly assuming the position of supplying its 

whole wants in mineral fuel- Table 6 and figure 
Fordgo coal on Indian ^ that the imports of foreign coal 

railways. purposes have been gradually diminishing, 
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whilst table 5 and figure 3 show that on the railways foreign coal has 
been almost entirely cut out. Twenty years ago the foreign coal 
consumed on the railways amounted to 31 per cent, of the total; ten 
years ago this was reduced to 107 per cent., whilst during the past 
six years the foreign coal has averaged 2*16 per cent, of the supplies 
to the railways, and during the last three years this has been reduced 
to under i per cent. In other words, twenty years ago foreign coal 
was a serious item in the fuel supplies of the railways: it is now 
imported in mere samples. 

The interchange of positions, which has occurred between exports 

, , and imports durincf the last 20 years, is clearly 

Imports aod exports. , : . ” , . i . -i 1 

shown m figure 2, and in more detail on plate i. 

The actual reversal has occurred within the period under review, as 

shown in table 6. 


Table 6 . —Imports and Exports of Coal during the years iSgy-gS to 
jgo 2 -oj, including Covernment Stores.(a) 


Ybar. 

Imports. 

Exports 


Tons. 

Tons. 

1897-98 .... 

276,407 

213,146 

1898-99 .... 

379,225 

327,267 

« • • • 

481,190 

304,887 

1900*01 .... 

142 467 

542,023 

1901-02 , . • . 

285,786 

525,047 

1902-03 .... 

228,562 

431 , 8)1 

Average 

398,940 

390,695 


{a) The fif^ures include coke and patent fuel, each ton of coke beirg counted as li tons of 

coal. 


It is important to observe, with regard to both imports and 
exports, that the reversal of position, although it looks striking when 
expressed in diagrammatic form, has taken place on comparatively 
small quantities, both being insignificant beside the production and 
consumption within India itself. 
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The countries from which foreign coal supplies have been obtained 
Imports. shown in table 7, from which it will be 

principal portion of the supplies has 
been obtained from Great Britain, and that practically all of the 
remainder has come from Australia and Japan. 


Table j.^Origin of Imported Coal, Coke, and Patent Fuel. 


Year. 

1 United 

1 Kingdom. 

Australia. 

Japan. 

Other 

Countries. 

TOTAL. 


Tons, 

Tons. 

Tons. 

Tons. 

Tons. 

1897-98 . 

24s,SSS 

16,406 

14,213 

233 

276,407 

i 898«99 . 

326,794 

18,778 

32,281 

1,372 

379,225 

1890 00 . 

.'?7S.269 

20,282 

82,936 

2,703 

481.190 

1900-01 

98,31s 

14,638 

27,967 

I.S47 

142,467 

1901-02 . , 

211,327 . 

19,685 

53.440 

1,334 

285.786 

1903*03 

210,904 

6.237 

6.975 

4,446 

228,562 

Average 

244,694 

10,005 1 


1,930 

293,940 


The distribution of exported Indian coal is shown in table 8, 
Exports from which it will be seen that Ceylon and the 

Straits Settlements have taken the principal 
share, the averages for the six years being 246,352 tons of coal in the 
case of Ceylon and 85,095 tons in the case of the Straits, the returns for 
coke being of small importance. 

The variations in exports to the two chief customers arc shown 
graphically on plate 1. Of the causes which led 

the*explMrt trade*"****” *** decline in the exports to Ceylon during the 

last three years, one has been reported to be the 
unfavourable reputation earned by the shipment of inferior coal to meet 
the increased demands made in 1900. If this is the case, the cure 
is in the hands of the Bengal coal-owners, for the demand must have 
been no real strain on the supplies available, and the figures given in 
table 9 will show that the markets of Ceylon and Singapore are 
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both large enough to be worth the serious attention of Indian 
coal-shippers. 


Table 8. —Exports of Indian Coal. 


— 

1897-98. 

1898-99. 

1899-00. 

1 

1900-01. 

1901-02. 

1902-03. 

Average. 


Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

rons. 

Aden . . • 

8,094 

14,416 

4,000 

53,305 

47,194 

21,214 

^4,704 

British East Africa . 

3,619 

150 

• •s 

20,569 

16,922 

11,562 

8,804 

Ceylon , . 

104,524 

214,986 

180,909 

368,031 

335.651 

27a,oio 

240,35 i 

Mauritius 

7 , 3»7 

2,708 

18,128 

% 

5,759 

18,745 

14.690 

11,234 

Natal . . • 

••• 

287 

6,072 

598 

x6o 

2,324 

r,S73 

Straits Settlements. 

85,280 

93,462 

86,951 

65,715 

89,592 

89.567 

Ss.ogs 

Sumatra 

••• 

... 

3,531 

10,863 

10,690 

14.65s 

6,623 

Other Places . 

3,439 

769 

4,393 

15.450 

S,Ot2 

3,032 

5,349 

TOTAL Exports . 

212,273 

326,778 

303,983 

540,290 

523,966 

431,054 

389,724 

Value 


£ 

223,100 

£ 

217,776 

£ 

393.889 

£ 

375.977 

£ 

257,968 

£ 

268,499 


Table 9. —Foreign Coal Imports of Ceylon and Singapore for the 

years tgoi to igo3.{a) 


Origin op 


Ceylon. 

! 

j 

Singapore. 

THE Coal. 

1901. 

1902. 

1903. 

1901. 

1902. 

1903. 


T-ons. 

1 

Tons. 

T ons. 

Tons. 

Tons. 


Tons, 

England . 

286.842 

288,362 

246,500 

60,419 

50,984 


52.500 

Japan . . 

6,300 

... 

26,400 

433,548 

370,426 


00,000 

Australia . . 

5,522 

3,752 

12,200 

38,965 

36,087 


44,500 


(a) For Indian coal sent to C^Ion and Singapore, see table 8. 
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Practically all the coal exported leaves by the port of Calcutta} 

Calcutta exporta. jhich, being the nearest port to the Bengal coal¬ 
fields, is the centre of distribution to the other 
ports of India. The quantity exported from Calcutta during the past 
six years is shown in table 10 to have averaged 1,622,686 tons, with 
the two highest records in 1901 and 1903 and a distinct general 
increase from the year 1898 onwards. 


Table io.— Cp/z/ shipped frotn Calcutta during the years 

i8p8 to IQ03. 


— 

1898. 

1899. 

1900. 

1901. 

1902. 

1903. 

Average. 

To Foreign Ports 


269,112 

488,555 

587.100 

428,99s 

438,97s 

4st,at6 

„ fndian Ports 


867,161 

1 

>, 24 S, 996 | 

*,407.913 

1 

i,a?7,528 

1,513.71* 

I , 20 I , 4 JO 

TOTAL 

1 , 221,071 




1 , 696,523 

1 , 952,686 

1 , 622,686 


Of Indian ports, Bombay is by far the most important market for 
Bengal coal, having, during the period under report, taken on an 
average 679,445 tons a year, with a maximum of 881,806 tons in the 
last year, 1903. The amount of Bengal coal taken at Bombay is now 
well beyond the foreign imports, which, during the same period, 
averaged 192,237 tons, by far the largest fraction having come from 
the United Kingdom. 

The distribution of Bengal coal to Indian ports is shown in table 
ii, on page 26, from which it will be seen that the places of import¬ 
ance after Bombay have been, in order, Rangoon, Madras, Karachi, 
Cuddalore, and Negapatam. 

Table 12 (page 27) shows that amongst the provinces Bengal 

occupies the leading position as a coal-producer, 
b, ^ g) 3how that 

the Bengal output is not only the largest part, but has been a yearly 
increasing fraction of the total, the contribution having risen from 78*6 
per cent, in 1898 to 85*5 per cent, in 19 ^* 3 * Three coal-fields in Bengal, 
namely, Raniganj, Jherria, and Giridih, have yielded nearly all the coal 
hitherto credited to Bengal, but the Daltonganj field, which is now 
connected with the East Indian Railway system, has recently been 
opened up by the Bengal Coal Company. 
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Table h. —Distribution of Bengal Coal to Indian Ports. 


Places. 

1898. 

1 

1899. 

1 

1900 

1901. 

1902. 

1903. 

Average, 



Tons. 

Tons. 

I 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Akyab 

• 

1,614 

2,167 

S. 57 S , 

6,160 

9,745 

2,293 

4,592 

Balasore 

« 

2,681 

219 

4 1 

1 

... 

... 

13 

486 

Bassein 

• 

... 

4622 

3.900 

7.221 

IS.*12 

9.852 

(b) 8,141 

Bhownagar 

• 

*-• 

... 



... 

15,690 

(a) tS/)go 

Bombay 

• 

449.302 

399,121 

824,080 

861,859 

660,504 

881,806 

679,445 

Chandbali . 

• 

6.985 

>.875 

625 

465 

192 

2l2 

1,726 

Chittagong 


- 785 

2,671 

3791 

3,637 

2,288 

3.374 

2,758 

Cocanada > 

• 

100 

... 

1 

... 

4,226 

... 

• 1.000 

888 

Cuddalore . 

• 

22,63s 

28,706 

12,088 

3 ». 59 * 

21,492 

33,293 

24,g6S 

Karachi . 

• 

20,801 

... 

1 4,730 

14,108 

84,82s 

54,834 

29,881 

Kyaukpyu . 

• 

473 

S14 

60S 

497 

181 

40 

3S5 

Madras • 

« 

193,102 

193,667 

i *36,189 

1 

* 73 '. * 7 * 

150,850 

170,760 

169,023 

Mandapam . 


... 

... 

1 •” 

... 

... 

13,974 

(a) 13,974 

Marmagoa . 

• 

... 

... 

1 


... 

14,380 

(a) 14,380 

Moulmein • 

• 

L 359 

1,120 

■ 2,270 

*,338 

3571 

1.619 

1,879 

Negapatam 

• 

24,226 

18,930 

28,199 

31,009 

23,754 

21,557 

24,613 

Pondicherry 

• 

... 

6,120 

3.994 

10,088 

1 7 - 57 * 

5,000 

{b) 6,SSS 

Port Blair . 

• 

750 

i,ooo 

1,000 

750 

6,000 

6,009 

2,58s 

Rangoon 

• 

169,979 

188,619 

209 469 

242,777 

261,213 

264,344 

222,734 

Tuticorin 

• 

10,677 

17,007 

9,237 

18.285 

i 12,505 

12,918 

23,438 

Other Ports 

• 

1,040 

£03 

240 

73 * 

1 7,72s 

1 

1 

753 

1,882 

TOTAL 

• 

906.509 

867,161 

1 

1 . 245,996 

1 . 407,913 

1 

1 , 267,528 

1 

1 , 513,711 

1,201,470 


(a) One year only. I tb'y Average for 1899 to 1903 only. 
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Most of the coal raised has been obtained from the Gondwana 
„ . , . . . . system of strata in Peninsular India^ where the 

fbe coal. coal-mines, being nearer the coast, and generally 

within touch of the main railway lines, have been 
developed more rapidly than those of the Extra-Peninsular Cretaceous 
and Tertiary coal-beds (table 13). 


Table 13.— Origin of Indian Coal raised during the years 

i8g8 to igoj. 


Year. 

From Gondwana 
Strata. 

From Tertiary 
Strata. 

TOTAL 

prodiicfloB. 

Tons. 

Per cent. 

of 

Total. 

Tons. 

Per cent, 
of 

Total. 






Tons. 

i 8 g 8 .... 

4,301,147 

9 T 4 

307,049 

6-6 

4 , 608,196 

1899 .... 

4,757,626 

93'4 

335,634 

6-6 

5 , 093,260 

ipoo • 0 9 0 

5,785. “4 

94’6 

333,578 

54 

6 , 118,692 

1901 .... 

6,264,681 

944 

371,046 

5-6 

6 , 635,727 

I Q02 » ■ • • 

7,083,179 

95’4 

341,301 

4-6 

7 , 424,480 

1903 .... 

■ 7,076,376 

95 r 

362,010 

49 

7 . 438,386 

Average 

5,8^8,021 

94 'S 

341,769 

5’5 

6 . 219.790 


The contribution from the Gondwana coal-fields in 1898 amounted 

_ ^ . to O'!'4 per cent, of the total output for the year. 

The Qondwaoa coalfields. ^ ^ 4. 

This increased to 95*1 per cent, in 1903, whilst 

the average for the whole period of six years has been 94*5 per cent. 

Comparing 1898 with 1903, there has been an increased output in all 

the Peninsular Gondwana fields, except in the case of Singareni, where 

the rapid expansion which had been going on without interruption until 

igo2 was suddenly checked by a serious mining accident in June 

1903, and a consequent drop in the year’s output from 455,424 to"® 

in 1902 to 362,733 tons in 1903. In the case of the Extra-Peninsular 
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fields, there has also been an increase, though a much smaller one, 
in all the provinces, except in the Punjab, where the Dandot colliery- 
in the Salt Range, which has been the chief producer, has been 
gradually failing [cf, table 17, page 35). 


Table 14.—-Output of Gondwana Coalfields for the years 

i8g8 to igoj. 


Coalfield. 

1898. 

1899. 

1900. 

1901. 

1902. 

*903. 

Bengal t— 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Dating 

2,191 

2,098 

1,490 


••• 

••a 

^Daltonganj . 

••• 

••• 

707 

3,881 

*9,352 

33,557 

Giridih . . 

653,047 

628,777 

712,727 

694,806 

776,656 

766,871 

] herria . . 

749,988 

1,007,236 

1,710,757 

1,946,763 

2,420,786 

2,493.729 

Rajmahal . . 

423 

412 

397 

436 

219 

335 

Raniganj . 

2,216,441 

*1396,742 

2 . 552 , 4*4 

2,841,^9 

3.042,223 

3,066,720 

Central India 







Umaria and Johilla 

134,726 

164,569 

164,489 

164,362 

17 *,538 

*93,277 

Central Provinces t — 







Mohpani . . 

22,472 

23,596 

39 » 6 i 2 

43.046 

43,645 

3*.443 

Pench valley 

• • a 

aa« 

... 



88 

Warora 

127,237 

132,980 

1331230 

148,470 

*53,336 

127,633 

Hyderabad .*— 







Singareni . 

394,622 

401,216 

469,29* 

421,218 

455,424 

362,733 

TOTAL Gondwana beds . 

4 , 301,147 

4 , 757,626 


6 , 264,681 

7 , 083,179 

74176,376 


Taking the Gondwana areas first, v^-e find that the Raniganj field, 

which was the first to be developed, still holds 
Raalgan} aadJherria. the lead (sec table 14)1 having turned out 41*2 

per cent, of the total production for India in 1903. Jherria, further 
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west in the Damuda valley, is, however, rapidly overtaking Raniganj 
since its railway connection to the capital by the East Indian line has 
been sujjplemented by a branch from the Rcngal-Nagpur system. In 
1897 Jherria contributed only 8 2 per cent, ol the Indian output, whilst 
in the last year, 1903, the production of this field amounted to 33*5 per 
cent, of the total. 

The coal from the Raniganj field is mainly derived from seams in 
the highest beds of the Damuda series, the lowest, or Barakar stage, 
being less developed in the exposures along the northern margin of the 
fidd. In the Jherria field the converse is the case: the uppermost 
stage has yielded poor coal, whilst in the Barakar series there are some 
eighteen well-defined seams, of which the upper eight seams include 
enormous supplies of good coal. The two classes of coal present 
a well-marked and constant difference in the amount of’moisture they 
contain : the older, Barakar, coals, both in the Raniganj field and in 
Jherria, contain on an average about 1 per cent, of moisture, whilst 
the average for the younger coal of the Raniganj series is 3'8 per 
cent, in the lower scams, and nearly 7 per cent in the upper seams. 
There is a corresponding, but los.s marked, difference in the proportion 
of volatile ludrocarbons, which form a larger percentage of the 
younger coals than of tho.se at lower stages in the Damuda series. 

The small jiatch of coal-bearing Gondwana rocks near Giridih is 
j)ractically divided between the Bengal Coal and 
the East Indian Railway Companies. The chief 
wealth of the field is stored in a 15-foot seam of good steam and 
coking coal near the base of the Damuda series This coal has the 
following average composition ; — 

Fixed carbon . . . . . . 66*4 

Volatile matter ... 24*4 

sh ... ...... 9 2 

The output of the field, which is controlled largely by the require¬ 
ments of the railway company, has been rising gradually during the 
last six years from 660,665 tons in 1897 to 766,871 tons in 1903, and 
the remaining workable supplies probably do not exceed 77 million 
tons, A proposal for introducing modern methods of coke-making 
with a view to the recovery of the valuable bye-products is now being 
considered by the East Indian Railway Company.* 


* T. H. Ward : Modern methods of coke-making. Rec. Geol Surv. Ind., vol. 
XXXI, 92 (1904). 
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Mofapanl. 


The other principal coal fields being worked on the Peninsula are, 
Warora, Mohpani, and those of the Pench valley in the Central Pro¬ 
vinces, Umaria in the Rewah State, and Singareni in the Nizam’s 
Dominions. 

In the Pench valley and the belt of related coal-bearing Gondwana 

Pench valley. ^ocks dipping under the Satpura range, only 
prospecting work has been done so far; but 
favourable results have been obtained by locomotive trials on samjiles 
of the coal, and the proximity of the fields to the great manganese- 
ore deposits, and (when connected by direct rail to Nagpur or Itarsi) 
to the markets of Bombay and the mills of the Deccan, will give these 
deposits an opportunity of developing whatever intrinsic merits they 
possess. 

The coal-bearing roc:ks which dip under the Upper Gondwanas 

of the Satpura range rc-appear near Mohpani 
in the Narsinghpur district, where they have 
just escaped total concealment by the Narbada alluvium. The 
Mohpani colliery has been woiked since 1862 by the Nerbudda 
Coal and Iron Company, .and, through various difficulties, has 
made very little progress. Between the years 1898 and 1903 
the annual output from this colliery rose from 22,472 to 43,645 
tons during the first five years, but a drop occurred in 1903, 
due to the final abandonment of the old mines and the develop¬ 
ment of work in the newly-discovered area two miles further 
west. 

The Warora basin, about 62 miles south of Nagpur, in the Chanda 

district, has been worked since 1871 by the 
State. About half the coal raised, which averaged 
137,146 tons a'year for the years 1898 to r9®3j been taken by the 
Great Indian Peninsular Railway, the rest going to cotton mills and 
factories in Nagpur and other parl.s of the Central Provinces. The coal 
is liable to spontaneous combustion, and a large part of the field has 
been lost by fire and walled-off. The Warora colliery has been worked 
under distinctly greater natural did’.culties than tho.se usualK met with 
in Bengal, but an examination of the chief results obtained by the 
present able management will probably be of value to those interested 
in Indian coal-mining. Table 15 shows the financial results of the past 
years' working of the colliery These results are shown graphically 


Warora. 


SIX 


in relation to coal output on plate 3. 
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Table \^,'~Financial Results of the Warora Colliery during the 

years i8g8 to 1903. 


Ybak. 

Gross 

earnings. 

Working 

expenses. 

Financial Result. 

Net 

earnings. 

Percentage 
on Capital. 




£ 

£ 



1898 . 

• • • 

• 

39 , 7«9 

28,247 


FSS 

*899 . 

• • • 

0 

40,193 

27,661 


I 0 ’ g 6 

1900 . 

• • • 

• 

40,507 

26,939 


la'ss 

1901 

• • • 

• 

46,08s 

28,875 

17,210 

i 5'90 

1903 • 

• • • 

• 

46,669 

29,267 

17,402 

tf'ti 

1903 . 

• • • 

• 

39.499 

26,616 

12,883 

I 3 ' i 6 


The average selling price of coal at Warora during the past six 
years has been Rs. 4-7 a ton, and the average cost of its production 
during the same period has been Rs. 3-1-5, of which a considerable 
fraction is due to charges for the sinking fund. This cost has been 
distributed as follows :— 

Mine Working Expenses — Annas 

Superintendence.3^4 

Coal-cutting.12-85 

Underground haulage, including maintenance of shafts, 
roads and working ways, with repairs . . . 9*87 

Surface haulage, including lighting and maintenance 
of permanent way . .... 1*25 

Pumpin|r.. 

Ventilation.1*65 

Staff-quarters and other buildings .... 0-42 

Miscellaneous .. 1-52 

Management and Office Expenses — 

Local Offices, Police, Medical and India Office charges 3*07 

Sinking Fund charges .. 8*oi 


Total . 4942 annas. 

The returns for labour at Warora, notwithstanding the difficulties 
arising from water and liability to spontaneous combustion, show that 
the system of mining adopted permits of a satisfactory output per per¬ 
son employedi whilst the deaths due to accidents have been reduced to 
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a low rate. During the six years, 1898 to 1903, the average annual 
output of coal per person employed was 132 tons, whilst there were 
four deaths only during the period in which 822,876 tons of coal were 
raised, and the death-rate from mining accidents averaged 0*64 per 
1,000 employed. Another three or four years will probably see the end 
of the Warora colliery, but, with the extension of the Wardha valley 
line southwards, the extensive deposits near Bellarpur will be opened up. 

The great belt of Gondwana rocks, near the north-west end of which 
„ , Warora is situated, stretches down the Godavari 

valley as far as Kajamundry, and at one or two 
places the equivalents of the coal-bearing Damuda series in Bengal are 
found cropping up from below the Upper Gondwana rocks. One of 
these occurrences near Yellandu in the Nizam’s Dominions forms the 
coalfield well known by the name of Singareni. The principal seam 
of coal, some 5 to 6 feet thick, being worked at the Singareni colliery, 
was discovered by the late Dr. W. King of the Geological Survey in 
1872, but mining operations were not commenced until 18S6, since 
when the output has rapidly risen to over 400,000 tons a year, although 
the production last year, 1903, showed a decline to 362,733 tons, owing 
to a serious subsidence in one of the workings (see table 14 and 
plate 2). 

Coal-mining at Singareni has been accompanied by a heavier loss 
of life by accidents than in the general run of Gondwana fields. Table 
16 shows the death-rate on this field compared with the rate in 
Bengal. 


Table i6.~^Dealk-rate from Accidents at Singareni compared 

with Bengal* 


S I _ 


< Deaths from accidents 
P 1 


loved. 


1898. 

i8gg. 

6.788 

9 

8,450 

8 

I M 3 

094 

0-45 

052 


Death-rate in Bengal coal-fields 0-45 o S 3 o Oo 0 53 0’53 o ‘85 
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The Bilaspur-Katni Branch of the Bengal-Nagpur Railway passes 
Umarla through the small coalfield of Umaria in the 

Rewah State, Central India. The quantity of 
workable coal in this field is estimated at about 24 million tons, and 
during the past six years the output has been gradually rising from 
134,726 tons in 1898 to 193,277 in 1903 (see table 14, and plate 2). 
The four coal seams being worked vary from about 3 to 12 feet in 
thickness, and dip about 4° to the nortli-east. The mines were opened 
in 1882 under the direction of Mr. T. W. H. Hughes of the Geological 
Survey, and were controlled by Government until the ist January 
1900, when they were handed over, to the Rewah State. Most of the 
coal raised is sold to the Indian 'Midland (Great Indian Peninsular) 
Railway, and a small quantity to the Bengal Nagpur Railway and 
other customers. 


Cretaceous aod Tertiary Coalfields. 

The younger coals are nearly all of Cretaceous and Tertiary age, 
although some thin and poor seams of Upper Jurassic coal have been 
worked in Cutch. The Cretaceous beds occur in the Khasia and Garo 
hills in Assam, where they are found in small basins resting on the 
Archaean schists and gneisses. The Cretaceous coals of Assam are 
generally distinguished by the inclusion in them of nests of fossil resin, 
and this character was noticed in the coal recently discovered to the 
north of Shillong.^ 

Coal of Tertiary age is found in Sind, Rajputana, Baluchistan, along 
the foot-hills of the Himalayas, further east in Assam, in Burma, and in 
the Andaman and Nicobar Islands. The most frequent occurrence is 
in association wdth nummulitic limestones, though the richest deposits, 
namely, those in North-East Assam, are younger, probably miocene, in 
age. Of these Extra-Peninsular fields, the only ones producing coal are 
of Tertiary age. The output for each of these for the years 1898 to 1903 
is shown in table 17 (page 35). 

On the whole, the younger coals, which are being worked in Extra- 
Peninsular areas, differ from the Gondwana coals in containing a larger 
proportion of moisture and volatile hydrocarbons, and though as vari¬ 
able in composition as they are in thickness of seam, coals are obtained, 

* P. N. Bose: Report on the Um-Rileng coal-beds, Assam. Rec. Geol. 
Surv. Ind., XXXI, 35 (1904). 
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as for instance in Assam, with a remarkably low percentage of ash and 
having a high calorific value. 


Table 17. i roduction 0) Tertiary Coal during the years 

i8g8 to fpoj. 


Province and field. 

1898. 

1899. \ 

J900. 

1901. 

1902. 

1903- 

Assam :— 

Tons. 

Tons. ! 

Tons. 

Tons. 

Tons. 

Tons. 

Makum .... 

202,178 

232,933 

215,962 

254,100 

220,640 

239.328 

Smaller fields 

1,367 

807 

774 


456 


Baluchistan :— 


1 





Khost .... 

*0,662 

11.689 

j 17.664 

18,431 

25,982 

36.444 

S »r Range and Mach 

S 

265 

5.617 

6,225 

7.907 

10,46s 

Bur>t>a 



J 




Shwebo: Tliingadaw 

6,97.') 

8,105 

j 

; iO 228 

12,466 

13.302 

9,306 

Kashmir :— 



j 




Ladda .... 

... 

... 

1 ••• 

... 

1.138 

999 

Punjab :— 



1 




Dandot 

74,590 

St, 218 

i 74.083 

67.730 

55,373 

43-704 

Other mines . 

11,272 

617 

1 

... 

... 

... 

Rajputana :— 


! 

i 

i 




Bikaner 

... 

1 ... 

1 

1 

9.250 

12,094 

16,503 

21,764 

TOTAL for Tertiary beds 

307,049 

1 335,63'! 

i 

1 333,578 

371,046 

1 341,301 

362,010 


The most promising amongst these young coals is the group of 

occurrences in North-East Assam, one of which is 
North-East Assam. worked by the Assam Railways and 

Trading Company, who commenced operations at Makum (27 15 » 
95 ° 45 ') in 1881. The collieries are connected by a metre-gauge rail¬ 
way with Dibrugarh on the Brahmaputra river, which, being navigable, 
forms both a market and a means of transport for the coal. The most 
valuable seams occur between the Tirap aid Namdang streams, where, 

P Z 
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for a distance of about five miles, the seams vary from 15 to 75 feet in 
thickness. The average dip is 40°, but as the outcrops in many places 
are. several hundred feet above the plains, facilities exist for working 
the coal by adit levels. The average coal production of the Makum 
mines during the last six years has been 227,523 tons a year. The 
coal has the reputation of being a good fuel, and forms an excellent 
coke. 

Coal occurs in various parts of Burma, and in the Shwebo district 

^ . the annual output during the years 1808 to 1903 

Shwebo dlitrld, Barma. -jui. - ^ I 

varied between 0,975 and 13,302 tons without 

signs of expansion. The only point worth adding to previously pub¬ 
lished accounts of the Burma coal is the fact that during the past year 
it has been definitely ascertained that in the Nammaw field, which is 
some 30 miles from the Mandalay-Lashio Railway line, the existence of 
seams of good coal, 10 feet thick, has been recently verified by the 
Geological Survey. This and the Lashio field, further north in the 
Northern Shan States, are likely to be of importance to the new rail¬ 
way lines in that area. 

Possibly the most important of the coal deposits in the west occur in 
Baluchistan, where, however, the disturbed state 

BafatchlBtao, ost. rocks renders mining operations difficult, 

expensive, and often dangerous. Besides the small mines being worked 
in the Sor range, south-east of Quetta, and in the Bolan pass at Mach, 
collieries have been worked since 1877 at Khost (30° 12'; 67®4o') on 
the Sind-Pishin Railway. The two seams being worked have an aver¬ 
age thickness respectively of 26 and 57 inches, and the output has 
gradually risen from 10,662 tons in 1898 to 36,444 tons in 1903. 

To the natural difficulties of the ground is added a serious scarcity 
of trained labour, and as a consequence the working results of these mines 
appear to be unfavourable when compared with the exceptional condi¬ 
tions existing on the Gondwana fields of Peninsular India. Table 18 
(on page 37) shows the financial results of the undertaking, which 
is under the control of the North Western State Railway. 

The output per person employed at Khost has averaged only 44 
tons per annum during the past six years, and the difficulties of the 
work are further shown by the fact that the death-rate from mining 
accidents has been, in the same period, 23*2 per thousand persons em¬ 
ployed ; but of this serious loss of life, 47 out of a total of 64 deaths 
were caused on October 12th, 1899, by a fire in the Takrai mine. Besides 
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thestratigraphical difficulties arising from working the Tertiary coal 
seams, which are often irregular in thickness and lie in disturbed, un¬ 
certain ground, there are additional dangers due to the liability of most 
of these pyritous coals to spontaneous combustion, and to the danger of 
explosions by the large quantities of dust generally formed in working 
such friable coals. 


Table i8 .— Summary of the Financial Results of Working the 
Khost Colliery during the years i8g8 to tgoy. 


Year. 

Gross 

earnings. 

Working 

expenses. 

Financial Result. 

Net 

earnings. 

' Pereentag* 
an capital. 


£ 

£ 

• £ 


1898. 

9.433 

8 . 37 * 

*,052 

25*00 

1899 ..... 

10,482 

**.334 

-852 

• •• 

19OO ,....• 

16,290 

14.443 

1.847 

tgrit 

1901 ..... 

14.S00 

**.379 

3.12* 

axfp 

1902 ..... 

18,509 

17,266 

1.343 

Tot 

1903. 

33.804 

19,978 

3.826 

170s 


The coal which has been most worked in the Punjab is that long 
known to exist in the Jhelum district, on the 
Daodot. Dandot plateau of the Salt range. The only 

valuable %am varies in thickness from 18 to 39 inches, forming a basin 
under the nummulitic limestone. The mines at Dandot and at Pidh, 
3 miles to the north-east, have been worked for the North Western Rail¬ 
way since 1884. During the period under review, 1898 to 1903, the 
collieries have shown a decline in output, from a maximum of 81,2x8 
tons in 1899 to 43,704 tons in 1903, and during the last two years the 
mines have been worked at a loss. The annual output of coal per 
miner employed at Dandot during the last six years has averaged only 
42 tons, against about 75 tons turned out per man in Beng^ ; but not¬ 
withstanding the difficulties connected with mining in this area, the 
loss of life through accident has been as low, on an average, as o 74 
per 1,000 employ^. 
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Mlanwsli district. 


The coal near Bhaganwala at the eastern end of the Salt range 
Bhagaawala. occurs in a seam of very variable thickness, in 
consequence of which widely discordant estimates 
have been made of the resources of the field. Between 1893 and 1898 
the field wais worked by the North-Western Railway, but the quality of 
the fuel was poor, and the collieries were worked at a loss. The out¬ 
put amounted to 11,272 tons in 1898, when arrangements were made to 
dismantle the colliery, which was closed on the isth January 1899. 

Some minor works, not beyond the scale of ordinary prospecting 
operations, have been conducted on the deposits 
of Jurassic coal in the Mianwali district. The 
deposits about 2 miles north of Kalabagh are estimated to contain 
about 72,000 tons of coal, of which less than 1,000 tens a year are 
extracted. More promising deposits of Tertiary coal occur in the 
Maidan range, 24 miles further west, but no mining in this locality has 
so far been attempted. 

A lignite of dark-brown colour, with included lumps of fossil resin, 
occurs in association with nummulitic rocks at 
Palana in the Bikaner State, Rajputana. In 1898 
mining operations were started at a point where the seam was found 
to be 20 feet thick, and a branch line, 10 miles long, from the Jodhpur 
Bikaner Railway, has been constructed to assist the development of 
the colliery. The figures given in table 17 show a gradual increase of 
output since 1900, the returns for 1903 being 21,764 tons. The 
physical characters of the natural fuel form a drawback to its use in 
locomotives, but experiments recently made are said to show that 
satisfactory briquettes can be made in which the proportion of 
moisture is reduced, and the fuel made less vulnerable to atmospheric 
action. 


Bikaner. 


Labour. 

Coal-mining in India, from the point of view of labour, is quite ahead 
of all other forms- of mining. The number of persons employed daily 
has averaged 84,805 for the years 1898 to 1903, but the returns for 
1903 show 9,872 less workers than in 1902, although the output of coal 
has risen (see table 19). This difference is possibly in part due to a 
gradually increased precision in the system of making returns, and 
partly, no doubt, to the fact that the introduction of improved methods 
in mining is gradually increasing the average efficiency of the miner; 
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but the sudden rise to an output of 84 tons per person employed, shown 
in table 20 for the year 1903, is so much in excess of the Giridih return 
of 72 tons, that there is probably some fault in the returns made of 
persons employed. 

Table 19 shows that 81 *8 percent, of the average number employed 
during the period have worked in Bengal coal mines, and that the 
changes elsewhere have been insignificant beside the rise in Bengal 
from 48,673 in 1898 to 74.538 in 


Table ig.—‘Number of Persons employed daily in Indian Coal- 
Mining during the years i8g8 to 1903, 


Province. 

i 8 p 8 . 

1899. 

1900. 

1901. 1 

-w 

Assam . 

1,439 

1.444 

1,350 

1,210 

Baluchistan . 

238 

310 

493 

635 

Bengal . • 

48,673 

58,130 

72,790 

79,620 J 

Burma . . ^ 

3 ‘S 

230 

279 

203 

Central India 

1,931 

2,354 

2,214 

2,126 

Central Provinces 

1,711 

1,852 

2,104 

2,220 

Nizam’s Dominions 

6,788 

CO 

VO 

0 

8,045 

7,616 

Punjab and Kashmir . 

1,87s 

1,64c 

1,826 

1.536 

Rajputana • • 



147 

152 

TOTAL 

62.97 

t 74.49 

Dj 89.241 

i 95316 


Per cent, 
of 

average 

total. 



(a) Average of three years only. 

^ t-c parts of 

the GIrtdih sub-division of 

increase of 4*0 per cent., part 0 w Giridih thdna the 

ihdnas, was due to f In the Gobindpur sub-division 

increase in ten years was 8-8 per cent. 
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of Manbhum district, which includes much of the Jherria field, the 
increase of population between 1891 and 1901 was 25*1 percent., whilst 
in the Jherria thdna itself the increase was 75'i per cent., and in the 
adjoining thdna of Topchanchi the increase, from the same cause, was 
30’2 per cent. 

It will not be surprising to those who know the habits of the Indian 
coal-miner to learn that the output per person 
collLr^***^^ * **** employed is lower than in any part of the British 

Empire except in Cape Colony, where cheap 
native labour is largely employed. During the years igoi and 1902 
the outputs of coal per person employed in Indian mines were respect¬ 
ively 70 and 75 tons, whilst for the rest of the British Empire the 
corresponding figures were 281 and 285 tons (see table 21). 


Table 20. —Output of Coal per Pet son employed at Indian 

Collieries. 


Number emp.oyed 

1898. ' 

1899. 

1900. 

1901. 

1902. 

1 

1903. 

6*.974 i 

1 

74,450 

89,248 

95,3 >8 

1 

1 

98,3*3 

88,530 

Tons of coal 
raised. 

4,608,196 1 

I 

5,093,260 

6,118,692 

6,635*727 

7,434,480 

7,438.386 

Tons of coal 
raised per per¬ 
son employed. 

73 

68 

69 

70 

75 

84 


An important consideration, naturally, in every mining community 
is the risk to life involved in the occupation. As 
deals***'”** *””* ***** coal-mining is concerned in India, the 

industry, so far as it has progressed, has shown not 
only a very low death-rate from isolated accidents, ,but also a noteworthy 
freedom from disasters, which in European countries have done more, 
perhaps, than statistics to force special legislation for the protection of 
workers in ** dangerous ” occupations. Table 22 shows, for the period 
1898 to 1903, the number of deaths from coal-mining accidents in India, 
compared with the amount of coal raised and the number of persons 
employed. It will be seen from this table that the average death-rate 
























t*ART I.] Holland: Mtneral Productiont iSgS—igo^. 41 

from such accidents has been o*88 per thousand employed, which will 
compare favourably with the returns for any other country. 

Table 21.^Amount of Coal raised per Person employed at Coal 

Mines tn the British Empire, 



igoi. 

1902. 

Countries. 

Persons 

em> 

ployed. 

Tons of coal 
raised. 

Tons 

per 

person. 

Persons 

em¬ 

ployed. 

Tons of coal 
raised. 

Tons 

per 

person. 

United Kingdom . 

799,648 

219,046,94s 

276 

8*0,787 

227,095,042 

280 

New South Wales . 

12,191 

5,968,426 

490 

12,815 

5,942,0x1 

464 

Queensland . 

1,266 

539 . 47 a 

426 

*,336 

501,53* 

375 

Victoria 

827 

209,329 

*53 

*.303 

225,164 

172 

British Columbia 

3.974 

1.460,331 

367 

4.011 

1,397,394 

348 

Nova Scotia . . 

7.663 

3 . 625.365 

473 

8,062 

4.366,869 

542 

Cape Colony . 

a,s88 

* 83.759 

7* 

2,196 

*65,557 

75 

Natal . . . 

3.397 

569,200 

168 

3,850 

592,821 

*54 

New Zealand . 

a,754 

1,227,638 

446 

2,885 

1,362,702 

472 

Transvaal 

• a 

••a 

... 

5.439 

1 , 590,330 

292 

Brltfsh Empire except 
India . 

827,308 

232,830,465 

m 

852,684 

243,239,421 

285 

India 

95.3*8 

6,635,727 

70 

98,3*2 

7,424,480 

75 


In table 23 (page 43) the results for the rest of the British Empire for 
the years iQOt and 1902 (the latest years for which complete figfures are 
obtainable) are compared with the corresponding years for India. It 
will be seen from this that India competes with Queensland for the 
lowest death-rate, and that the average rate for the rest of the Empire 
is 1*53 and 1*54 against 073 and 077 for India. The rate will alw 
compare favourably with the principal foreign coal-mining countries: in 
Austria the rates for 190X and 1902 were 1*39 and i 60 per thousand 
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respectively; in Germany 2*22 and 1*93; in Belgium i'02 and 1*07; in 
France 1*21 and 1 *09; in Holland 1‘47 and 1*27; and in the United 
States 3*10 and 3‘25. 


Table zz.-^^Production of Coal compared with Deaths from 
Coal-Mining Accidents in India. 


—. 

1898. 

1899. 

igoo 

1901. 

1902. 

1903. 

Average. 

Deaths from coal-mining acci¬ 
dents • • • » • 

43 

98 

62 

70 

76 

97 

74 

Thousands of tons of coal 
raised for each life lost . 

J07 

S2 

99 

95 

98 

77 

84 % 

Lives lost per million tons of 
coal raised . • 

9*3 

ig’2 

1 

10'1 

10*5 

10*2 

13*0 

roo 

Death-rate per thousand 
persons employed . . 

0-68 

I ‘33 

0'6g 

073 

0*77 

I’lO 

x >'88 



Fio, 8 .—Production of Coal per Life loot by Coal-mining Accidente. 

But the small output per person employed in India produces a far 
less favourable picture when we count the cost of a million tons of coal 
in lives lost by mining accidents. On this score it will be seen from 
table 23 that whilst in the years 1901 and 1902 the average numbers of 
lives lost per million tons of coal raised in the rest of the British 
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Empire were respectively 5-42 and 5-41, in India the loss in the same 
years came to 10*55 and io'23. It will be noticed, however, that in 
India the number of persons employed in coal-mining is many times 
greater than in any part of the Empire, except the United Kingdom 
itself, where the large number of coal-miners, near 800 , 000 , and the 
yearly output of more than 220 million tons of coal, together control 
and tone*out all the irregularities in the returns from the dependencies. 


Table 22. — -Death-rate from Coal-Mining Accidents in the 

British Empire, 



1901. 

1902. 

4 # 

Number 

employ¬ 

ed. 

Deaths. 

Death- 
rate per 
1,000. j 

Deaths 

per 

1,000,000 
tons coal 
raised. 

Number 

employ¬ 

ed. 

Deaths. 

Death- 
rate per 

J,000 1 

Deaths 

per 

1,000,000 
tons coal 
raised. 

United Kingdom. 

792,648 

1 , 07 s 

;* 3 <S 

4*91 

810,787 

i,oos 

r24 

4*42 

New South Wales 

12,191 

>7 

137 

2-85 

12,81s 

lOS 

8-01 

17-67 

Queensland 

1,266 

I 

0'79 

18s 

1,336 

1 

075 

*99 

Victoria 

SaT 

4 


19-11 

1.303 

z 

077 

i 

4*44 

New Zealand 

2.7S4 

3 

i‘09 

2*44 

2,88s 

2 

1 

069 

*•47 

British Columbia 

3.974 

102 

25-67 

69-87 

4,011 

139 

34*85 

99-48 

Nova Scotia . 

7.«»3 

*4 

1-83 

3*86 

8,062 

*9 

2-36 

435 

Cape Colony 

2,588 

4 

rSS 

2177 

2,196 

4 

1-82 

24*16 

Natal 

3.397 

43 

12-66 

7554 

3,850 

16 

416 

26-99 

Transvaal . 

... 

•• # 

• a* 

••• 

S,439 

23 

423 

* 4*47 

British Empire ex¬ 
cept India 

827,308 

i,363 

i-53 

s-a 

852,884 

1,315 

1-54 

5-41 

India 

95,3*8 

70 

073 

io* 5 S 

98,312 



10-23 


The results for the coal-mines under the control of the Indian Mines 
Act of 1-901 ure slightly more favourable than for the total. For the 
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three years during which the Act has been in operation the average 
death-rates from accidents at coal-mines under the Act have been as 
follows 

1901.0*68 per ijOoo. 

X902 » • • • ■ 0'66 II ^ 

1903.0-84 ,1 

Milling methods. 

The almost universal practice in Indian coal-mines is to extract the 
coal on the system variously known as the “ bord and pillar,” ” post 
and stall,” or “ stoop and room ” system. Although this system in 
Europe is fast being superseded by the more economical ” long-wall ” 
method, yet, owing to the thickness of most of the Indian seams, it is 
not easy to devise any more suitable plan of working. It is undoubt¬ 
edly wasteful, for the pillars form from 25 to 65 per cent, of the 
available coal, and at the present time, except in certain mines, where 
local-trained labour and efficient supervision are possible, their extrac¬ 
tion is not even contemplated. 

The strong roof so frequently found in the mines worked in Gond- 
wana rocks, due, not only to the intrinsic strength of the rocks, but to 
the remarkable freedom from geotectonic disturbances on the Peninsula, 
adds a feature of strength and safety not at once fully appreciated by 
those who have gained their experience in countries without these 
advantages, or where the galleries are subject to the stresses of a 
greater overburden. 

In the Giridih coal-Held, the system of working thick seams at the 
East Indian Railway collieries permits of the removal of over 90 per 
cent, of the coal. As the system here carried out has been subject to 
careful criticism by English colliery experts, and as it has been shown 
that the system is perfectly safe under the efficient standard of manage¬ 
ment and discipline observed at Giridih, workers in other fields are 
recommended to study the account given by Mr. T. Adamson in 
his paper on the ” Working of a thick coal-seam in Bengal," 
{Trans, Min, and Mech. Engineer vol. LII, p. 202, 1903). 

The system described by Mr. Adamson has been worked for the 
last twelve years in the Railway Company’s collieries at Giridih 
without a fatal accident being caused by it, but the sandstone roof is 
an unusually strong one and the coal is free of gas. During the past 
six years, 1898 to 1903, the average death-rate from accidents of all 
kinds in these mines has been only 0*40 per thousand persons employed. 
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The figures given in table 23 for other coal-mining countries will give 
an idea of the remarkable degree of efficiency in management which 
this figure indicates. 

In the Makum field a highly inclined seam, 75 feet thick, is worked 
on a modification of the South Staffordshire system of “ square work.” 
The coal is removed in two, or sometimes three, sections, the top 
section being removed first, and a parting of stone and coal being left 
untouched between each pair of sections. In the Dandot and Khost 
mines, thin seams are worked in one operation, on a modified long- 
wall ” system. 

Gold.' 

India, as shown in table 24, occupies the sixth or seventh position 
amongst the leading gold-producing countries of 
coOTWe"*^**” ***'*'^ World. The total Indian output is neverthe¬ 
less comparatively insignificant, aggregating no 
more than 34 per cent, of the World’s annual supply. 


Table 24. — Production, in Ounces, of the Chief Gold-producing 
Countries for the years i8gy to igoa. 


COUNTRIXS. 

1897. 

1898. 

1899. 

19OQ. 

1901. 

1902* 

United States 

• 

2.864,576 

3,148,642 

3,391,196 

3,781,310 

3 805,500 

3,870.000 

Australa3ia(a) 

■ 

2,539.491 

3,013,763 

3,831,937 

3.568.279 

3,719,103 

3,989,083 

Canada . 

• 

291.583 

662,796 

1.018,371 

1.350,176 

1,183,465 

1.003,447 

Transvaal. 

e 

2,744,010 

3.777.009 

3,529.826 

348,760 

238.991 

1.704,410 

Russia . 

• 

1,042,017 

1,196,634 

1,159.214 

1,072.434 

1,25^592 

1,183,379 

India . 

e 

390,59s 

418,944 

456 02° 

512.985 

532,126 

517,639 

Mexico 

« 

344,518 

398,487 

448,832 

455,204 

499,72s 

546.373 

China . 

• 

321,296 

21.296 

321,510 

208,031 

145,138 

193.517 

Korea ■ 

• 

52.937 

55,432 

70,954 

87,882 

111,27a 

217,706 

Bcaxil . 

• 

70,736 

7®.6I3 

107,644 

127,820 

133,636 

146.8^ 


(a) Includes the six States and New Z ealand. 


- t ‘ This note on gold has been prepared mainly by my colleague, Mr. J. Malcolm 
Maclaren, B.Sc., F.G.S. 
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Table 25 shows the provincial production for India. In 1903 no 
less than cent, of the Indian output was returned by Mysore. 

Three-fourths of the remainder was derived from the Nizam’s 
Dominions, leaving only *18 per cent, as the produce of districts 
directly under British administration. 


Table 25. — Value of Gold produced during the years tSgS to> 1903* 




1898. I 

1899. 

1900. 

xgoi. 

xqaa. 

! 



1 

£ 

£ 

£ 

£ 

1 

£ 

Mysore ... 

» 

>.575.966 

1,678.403 

1,879.08s 

1,913,081 

',969,441 

•.183.999 

Nlsam’s Dominions . 

• 

11,0X0 

33.335 

9.375 

... 

• *0 

14.505 

Borma . . 

• 

4.i>5 

4.380 

5,317 

7.606 

S.894 

5.988 

Madras ... 

• 

10,993 

t,aOi 

17 

•oa 

MO 

•M 

TOTAL (a) 

• 

1.602,691 

1.717.ift5 

L891.804 

1.930,687 

1,975.336 

2.302.492 


(t) Exclnalro of BmaJl quantities obtained by rive^washlng in various provinces for which accurate 
returns are not available. 


The produce of the Mysore State is solely derived from the Kolar 
district, and from a single vein or reef in that 
KojaTFlff””* **** district—a reef averaging only some four feet in 

thickness, and payably auriferous for a distance 
of little more than four miles. As has been the case with all other 
known auriferous deposits in Peninsular India, the attention of Europeans 
was directed to this vein by the numerous old native workings along its 
strike. During the Wainad gold “boom” of 1878-82, several com¬ 
panies with huge capitals were floated to work portions of a concession 
over the Kolar field. Of the capital subscribed the greater portion 
was devoted to purchase money, and comparatively little was left for 
working capital. The features of the auriferous deposits were not at 
first grasped, and much money was wasted in mining in barren ground 
and amidst ancient workings, which were eventually found to reach to 
a depth of 300 feet. All the companies floated with such extravagant 
hopes in 1881-2 were moribund in 1885, and it was only a dying 
effort of the Mysore Company in that year that disclosed the great 
richness of the reef and incidentally the disposition of the auriferous 
chutes. 

By 1887 the adjacent companies had resumed operations, and since 


















Part i.] • Holland: Mineral Production^ 47 

then the history of the field has been one of uninterrupted progress and 
success. The deepest workings are now somewhat more than 3,000 
feet below the surface, and the reef shows, at that depth, little diminu¬ 
tion in the value or in the width of the quartz. 

Neither mining nor milling offers any serious obstacles on this field. 
In the former the necessity for heavy timbering and filling to keep the 
roadways open is perhaps the most serious. The ore is not refrac¬ 
tory, and yields its gold to a simple combination of amalgamation and 
cyaniding. 

During the six years under review the annual tonnage crushed has 
been increased by 62 per cent., from 337,636 tons in 1898 to 546,752 
tons in 1903. The gold yield has not shown a corresponding advance, 
rising only from 575,966 in 1898 to £2,284,000 in 1903, an 

increase of 44'3 per cent. The divergence between the increase of 
tonnage crushed and the increase of yield therefrom is due to- the fact 
that with the economies in mining and milling indicated by experience, 
it is now possible to profitably crush low-grade quartz that ten years 
ago must have been left in the vein. 

For the six years under review the value of gold extracted was 
£ 11,310,038, or 60 per cent, of the total value (£18,687,818) extracted 
in the 21 years since the commencement of work under European 
supervision. With the increase in output dividends have also increased, 
rising from £739,114 in 1898 to £1,019,347 in 1903, or an increase 
of 38 per cent. The total dividends paid during the six years were 
£4,988,793* or 60 per cent, of the dividends (£8,287,071) paid since 
1882, indicating that dividends and output have advanced pari passu. 

The above dividends have been paid wholly by five companies 
situated on the line of the Champion reef—the Mysore, Champion Reef, 
Ooregum, Nundydroog, and Balaghat. A considerable amount of 
exploratory work has been done by other companies on the IColar field 
and elsewhere in Mysore, but hitherto without profitable result. 

Of the improvement schemes which will make greatly for the 
redul^tion of working expenses, and, to that extent, for the prolonga¬ 
tion of the life of the Kolar field, the introduction of electric power from 
the Cauvery falls is probably the most important. This work was com¬ 
menced about July 1902, and has since uninterruptedly supplied a little 
more than 4,000 horse-power to the various mining and metallurgical 
works. The power is transmitted from the Cauvery Falls over duplicate 
lines 914 miles long. The cost to the companies for the first year was 
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j^29 per horse-power, and for succeeding years the cost will be £1%, 
The success of the scheme has led to its enlargement, and works in 
progress will enable the Mysore Government to materially increase the 
power available for consumption. , 

Table 26 shows the various statistics for the Kolar field for the 
period under review. 


Table 2^*—-Statistics of Production in the Kolar Gold-field. 


Ybar. 

Tonnage 

crushed. 

Ounces, 
bar gold. 

Value of gold 
extract^. 

Dividends 

paid. 

Royalty. 




£ 

£ 

£ 

i8g8 

337.836 

412,966 

1,575.986 

739,114 

78,009 

1899 

339,528 

448.397 

1,678.464 

762,600 

83.154 

1900 

401,687 

50927a 

1,879,085 

787,588 

93,819 

1901 

450.37a 

530,143 

1,923,081 

874.158 

95.319 

190a 

499,664 

533.492 

1,96944a 

£25,988 

97.38s 

1903 

548,752 

597,884 

2,284,000 

1,019,347 

(0)113,200 

TOTAL , 

2 , 875,537 

3 , 030,153 

11410,038 

4 , 985,793 

560,506 


fa) Elstinated. 


Total value of gold produced from 1883 to 1903 inclusive ... £ 18,687,818 ti 3 

„ of dividends paid „ „ „ „ ... 8,087,071 7 a 

Approximate value of Royalty paid to Mysore Government 

item 1883 to 1903 inclusive . £ 9o6,334 >3 a 

The work of the field is carried on by Europeans, Eurasians and 
Natives in the following proportions, calculated from the number 
employed during an average year (1902):— 

Per cent. 

Europeans fincluding Italian miners) . . . . 3*05 

Eurasians .i'S8 

Natives: men.89*83 

Natives t women (employed only on the surface) . • 6*34 
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The following table indicates the risks attendant on mining in the 
Mysore State:— 


Table 2 ^.-Showing Fatal Accidents in Mysore Mines for the 

years j8g8 to 1903, 


Ybar. 

No. of persons 
employed. 

Death-rate 
per 1,000 em¬ 
ployed. 

Death-rate per 
100,000 tons 
quartz crushed. 

Death-rate per 9 
£100,000 worth of 
gold obtained. 

1898 

21,597 

2 - 4 S 

15-70 

336 

1899 

21,093 

i’8o 

11-19 

2-26 

1900 

24,587 

2*61 

1568 

3*35 

*90* 

25,060 

2-99 

16-65 

390 

»902 

26,26s 

2 ' 2 I 

"•58 

2*90 

1903 

27.355 

2-52 

11-27 

3*02 

Average . 

24^36 

2‘43 

13-67 

Tt3 


Nizam’s Oomlalons. 


Outside the Mysore State the only gold quartz mine producing gold 

at the end of 1903 was the Hutti (Nizam’s) mine 
situated at Hutti in the Lingsugur district of 
Hyderabad. This company is an offshoot of the Hyderabad (Deccan) 
Company and was floated in 1901, Crushing with 1 o head of stamps was 
commenced in February 19031 and 3 > 4^4 ounces were returned for that 
year. This result has been considered so promising that the crushing 
power is being doubled. The workings of this mine give evidence of 
the remarkable mining skill of the ancients, the auriferous chute having 
here been followed downwards to a depth of no less than 54® foot. 

1 Another offshoot of the Hyderabad (Deccan) Company was formed 
in 1898 to work the adjacent mines of Wundalli, and during 1899 
crushed 18,790 tons of quartz for a yield of 7,822 ounces. The yield of 
the Nizam's territory during 1898-99“* Qoo was almost exclusively the 
produce of the Wundalli Company. Work was, however, slopped at 

these mines towards the middle of 1900. 

The yield shown from the Madras Presidency was derived from the 
Mysore (Kangundi) mines in the Kangundi 
Madras Presldeacy. 2eniindari of North Arcot. Work commenced 

B 
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here in 1893, continued with varying success until 1900. 

The highest yield obtained was that for the year 1898, u*s., 2,854 
ounces. 

During the period under review the only other reef*mining of im* 
^ portance was carded on at the Kyaukpazat mine 

near Wuntho, in Upper Burma. This mine 
yielded, in 1898, 1,120 ounces, and maintained, and indeed increased 
its yield until 1902, when 1,984 ounces, valued at ;£7,6o6, were produced. 
This yield, however, formed merely another example of the general rule 
that auriferous deposits in andesitic rocks are [extremely uncertain in 
extent and in richness. The pay chute was lost in ^1903, and after 
some exploratory work the mine was closed down. 

Alluvial gold-washing is carried on in many places in British India, 
but from the fact that the washers invariably combine this pursuit with 
other occupations, and because the individual return is exceedingly 
small and is locally absorbed for jewellery, complete returns are not 
available. Returns for 1903 show, however, that 106. ounces of 
alluvial gold were obtained from the Ladhaki wazirat of the Jammu 
and Kashmir State. This amount may perhaps be fairly taken as 
an indication of the annual yield from this portion of the Upper 
Indus. 

Dredging for alluvial gold above Myitkyina on the Upper Irawadi 
was commenced about November 1902, with a dredger capable of 
dealing with 10,000 tons a week. The whole of the season (until June 
1903) was spent in prospecting the river bed. Five or six spots were 
thus tried, and the results were considered to be sufficiently satisfactory 
to warrant an increase of dredgers. 

During the past two years surveys of the auriferous deposits of 
India have been in progress. These, so far as they go, gfive little hope 
of the discovery of rich alluvial deposits in Peninsular India, or indeed 
in any part of India affected by the monsoon rains and dependent on 
them alone for the supply of the rivers. For concentration of gold a 
comparatively equable current is essential—a condition rarely obtain¬ 
able in the gravel river beds of India, where alone gold would be found, 
for these are almost dry in the cold weather and roaring torrents in 
the rains. The greater possibilities of dredging on the Irawadi 
appear to arise from the fact that the waters of that river are 
derived from ranges where, even in the cold weather, there is a heavy 
rainfall. 



Part i.] Holland: Mineral Production, 1898—1^03. 


Graphite. 

The graphite deposits of Travancore occur under conditions simi- 
Mode of occamnce. those of Ceylon, which is but a continua* 

ro L T j- c- and associated rocks 

of bouth India. Similar geological occurrences of graphite are found 

in Coorg, and in the hill tracts of Vizagapatam and adjoining State 
of Kalahandi. The Ceylon graphite has been made the subject of 
an elaborate study by E. Weinschenk, who regards It as of igneous 
origin,! a conclusion in agreement with its occurrences in South India.* 
Prospecting tor graphite has been attempted in the Godavari dis- 

Productioa. Presidency, and in the Ruby Mines 

district in Upper Burtha, but the only progress 
mai^e in mining has been in the Travancore State. Regular returns 
were not available before 1901, but the following, figures are returned 
for Travancore for the remaining three years of the period under 
review 


*90* ....... 2,490 tons. 

^902.4,575 „ 

*903. 3.394 .. 


Iron. 

Notwithstanding the fact, very widely published, that rich deposits 
of iron-ore occur in India, only one attempt to manufacture iron on 
European lines has been so far successful, and as it is doubtful if the 
ores are sufficiently valuable to bear the cost of transport to Europe, 
no attempt has been made to raise Indian iron-ore for export. 

The production of ore is thus confined to that used by the Bengal 
Iron and Steel Company in its works at Barakar, and the smaller 
I quantities, for which accurate returns are not obtainable, used in the 
. numerous small native furnaces still surviving in parts of Central India, 
the Central Provinces, Madras, Mysore, and Rajputana. Iron-ore is 
also used in small quantities in the steel furnaces at the East Indian 
Railway Company's workshops, Jamalpur, 

* Die Graphitlagerstatten der Insel Ceylon. Abhand., d. k. Bayer., Akad., 
*901, xxi, 279—335. 

* Holbmd: The Chamockite series, Mem. Geol. Surv. Ind., XXVIII, 1900, 
*26; - and the.Sivamalai series, Mem. Geol. Surv. Ind., XXX, 1901,174. 


B 2 




52 


Records of the Geological Survey of India, [VOL. XXXII. 


The figures returned for Bengal, in which most of the ore used at 
Barakar is raised, are given in table 28. 


Table 28. — Iron-ore raised in Bengal during the years i 8 g 8 to 1903, 


Year. 

Quantity. 

Value. 

Value per ton. 


Tons. 

£> 

Shillings. 

i 8 p 8 * • • • • 

41,854 

y,oo 6 

3*35 

1899 ..... 

52 ,OCX) 

6,333 

2-44 

« • • • • 

57,000 

7,333 

2*57 

190X • • • • • 

57,800 

8,352 

2*89 

190a . 

76,056 

11,287 

2*96 

1903 ..... 

fi», 35 S 

9 , 7»7 

317 

Average . 


8,338 

2‘8g 


Up to the present the Barakar Iron and Steel Company has manu¬ 
factured pig-iron only, of which with two blast furnaces they have 
ti^med out about 35,000 tons of pig-iron a year. But a third blast 
furnace is now in course of erection, and arrangements are complete 
for starting the manufacture of steel. 

Outside Bengal there is very little done in the way of iron-manu¬ 
facture. The Central Provinces show the largest returns, varying from 
2,400 to 4,800 tons, and there is also a sensible industry surviving in 
Bijawar, Panna, and Orchha, amongst the Central India States, as 
well as in Mysore and in parts of the Madras Presidency. 

Steel is made, both in the form of ingots by the carburization of 
wrought-iron in crucibles, and, on a much smaller scale, by the decar¬ 
burization of cast-iron shot in a small open hearth. 

Jadeite. 

The mineral jadeite, like the jade with which it is often confused, 
is especially prized by the Chinese, and the quarrying of the mineral 
forms quite an important industry in Upper Burma. Some of the 
mineral raised passes by the overland route into South-West China, 
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whilst most of it finds its way down to Rangoon, whence it is exported 
to the Straits Settlements and China. The following table shows the 
extent of this export trade:— 


Table 2g,~^Exporfs of yadestone from Burma to the Straits 
Settlements and China, (a) 


Year. 

Weight. 

Value. 

Value per cwt. 


Cwts. 

& 

£ 

1897-98. 

4,036 

41,780 

10 - 3 S 

1898-99 . . • • • 

4.532 

42,120 

9*29 

. . 

3 ,*30 

58,955 

18-83 

1900-01 • • • • • 

4 , 53 * 

46,377 

10-24 

1901 . . 

3,015 

3 t. 7*3 

10-52 

1902-03 . 

4,220 

47.676 

ii-o6 

Average 

3 , 9 * * 

44,110 

ii' 4 S 


(a) Overland trade and exports via Rangoon combined. 


Amongst prehistoric relics found in various parts of the World, both 
jade and jadeite implements and ornaments are 
Vdoeoljade. widely distributed, and an admiration for the 

beauty of the stone, descended from a belief in ■‘f, 
maintains the value of the mineral in the eyes of the Ch.n«^ wh 
the chief buyers, and to whom the different varieties of 
and possibly some others, are known under the 
The softer, serpentinons mineral bowenite f 

' Frontier under the name of and thoug 

are unmistakeably distinct from those of jade and jadeitc, ) 

regarded as a poor variety of jade. obtained as pebbles in 

Some jadeite, and ^entUbestm^^^^^ 

MSS. 1 c^indwin, but most of the 
by quarrying near Tammaw {25 44 » 9 locality the 

divLn of The Myitkyina district. Upper Burma At ™s y ^ 

jadeite forms a layer in the dark-green serpentine, against wn 











54 


Records of the Geological Survey of India. [VOL. XXXII, 


Compoilflon. 


fresh surface, it stands in striking contrast on account of its lighter 
colour. The serpentine is apparently intrusive into miocene sandstones, 
and the jadeite must have been separated as a primary segregation 
from the magma. 

There is a general external rbsemblance between jadeite and jade, 

or nephrite as it would be more appropriately 
called, but mineralogically the two are quite 
distinct. Jadeite is essentially a silicate of soda and alumina, Na^O, 
AlgOg, 4Si02, with the crystallographic characters of the pyroxene 
group. Jade is a silicate of lime and magnesia, CaO, 3MgO, 48103, 
with the essential characters of a hornblende. Their crystallo¬ 
graphic characters sufficiently distinguish them in microscopic sections, 
but in hand-specimens jadeite can be distinguished by its superior 
hardness and higher specific gravity, as well as by its gfreater fiwibility. 

Jadeite occurs in masses of closely interwoven crystals, a structure 
which gives rise to its great toughness. The purest, though not the 
most valued, forms are white in colour, but more often there are various 
shades of green, and, in the case of stones found embedded in the 
laterite of Upper Burma, there is a red staining often extending to 
considerable depths in the pebbles, and, in the eyes of the Chinese pur¬ 
chaser, greatly increasing the value of the mineral. The white jadeite 
with emerald^rcen spots, caused by the presence of chromium, is also 
valued greatly for the carving of ring-stones or bracelets. 

The prices paid for rough stones vary too greatly to permit of an 
average figure being given, but the export values 
declared give an idea of the value of the stone: 
the value so determined has averaged j^ii-gr. per cwt. during the last 
six years. 

No jade (nephrite) of the kind which would be regarded as a 
marketable mineral is known in India. A mineral having the essential 
composition, and approaching coarse jade in physical characters, is 
known in South Mirzapur.' True jade, however, has b^n largely 
worked in the Karakash valley in South Turkistan for many centuries." 


PricM. 


Magnesite. 

In South India there are numerous occurrences of the ultra-basic 
igneous rocks in which olivine is an abundant constituent, and at 

> F. R. Mallet, Rec. Geol. Surv. Ind., v, 23 . 

* Cf. papers quoted by Mallet in Manual, Geol. of Ind., part iv, 1887, p. 85. 
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several places these highly magnesian silicates have been decomposed 
with the formation of magnesite of great purity. The largest and best 
known of these occurrences is near Salem, where the area occupied 
by the white magnesite veins has been named the “ Chalk ” hills. 

Prospecting operations have been in progress in this area for some 
years, but the industry may now be described as having passed into 
the mining stage, aiid on account of the remarkable purity of the 
mineral, being raised it is expected to command a special price for the 
preparation of the refractory bricks used for the linings and hearths 
of steel furnaces, and for lining the fire-bricks of the electric calcium- 
carbide furnace. The production so far has been small—amounting to 
3,540 tons in 1902 and 825 tons in i9o3-<-but work is now being orga¬ 
nized on a larger scale. 


Manganese-ore. 

The mining of manganese-ore has sprung-up within the last 12 years, 

and has developed so rapidly that India now takes 
ProdocuOD* ^ « j * 

second place amongst the manganese-producing 

countries in the World, with an output during the year 1903 of 171,806 

statute tons. Table 30 shows the output for each of the past six years 

and figure 5 (pa-ge 13) shows the progress of the mining industry since 

its commencement. 


Table 30 .—Production of Manganese^ore for the six years 

i8g8 to 1903. 


Ykar. 

Madras. 

Central 

Provinces. 

Central 

India. 

TOTAL. 



Statute Tons. 

Statute Tons. 

Statute Tons. 

Statute Tons. 

Mehie Tons. 

1898 

• 

60,449 



60,449 

61^19 

1899 

• 

87,126 

• •• 

aas 

87,126 

88 ,sa 4 

1900 

• 

92458 

35,356 

• M 

127,814 

139 , 86 $ 

1901 • 

• 

761463 

44,438 

••• 

12(V891 

133,831 

>903 . 

• 

68 ,i 7» 

89,608 

• •• 

157,779 

160,311 

1903 

• 

63,452 

101,554 

6,800 

171,806 

174*863 
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Prodictloa of foreign 
cennfrle*. 


It will be seen from this table that the mining of manganeseore was 

_ . confined to the Madras Presidency until 1899, 

Provincial division* '' ^ ’ 

after which the rich deposits in the Central 

Provinces were attacked, and are now,, notwithstanding their great 
distance from the coast, providing the chief part of the mineral ex¬ 
ported to Europe and America. 

The statistics published by different countries cannot be directly 
^ . . compared, as different definitions of a manganese- 

cennfrles. followed. According to the rulings of 

the United States Treasury before 1899, a 
manganese-ore was so-called only when it carried 50 per cent, of the 
metal; but in 1899 lower grades were admitted if they contained less 
than 3 per cent, of iron, and the recognised lower limit is now 44 
per cent., those below this grade being generally manganiferous iron- 
ores. The statistics for 1902 show, in the case of the United States, 
a total production of 901,214 statute tons of manganiferous iron- 
ore, but only 16,477 came within the Treasury definition of a 
manganese ore, whilst in the same period as much as -35,576 tons of 
the 50 per cent, ore was imported. Of the countries which supplied 
this amount, Brazil contributed 102,550 tons, India 64,170 tons, Cuba 
36,294 tons, Turkey 12,609 tons, and Spain 10,464 tons. 

Table 31 (on page 57) shows the chief producers of manganese-ore 
in the World. Of these Brazil has developed as rapidly as India, 
its output having risen from 14,710 tons in i8g6 to 156,269 tons 
in 1902. Spain, the next producer, for many years turned out over 
100,000 tons, but since 1900 has been declining rapidly. Russia has 
always been the leading producer, the chief source being beds of 
pure ore interstratified with eocene sands and shales in the province 
of Kutais. 


The mineral is now assuming such importance that it will perhaps 

be useful for those who are following the 
developments to put on record a sketch of 
the distribution in India of deposits considerea 

to be of possible value. 

In the Central Provinces, where mining is at present most active, the 
principal occurrences are in the Ramtek tahsil of the Nagpur district, 
where in some 17 different villages quarrying operations are being 
actively carried on. In the north-west part of the Bhandara district 
there are 14 localities known to contain manganese-ore, and a certain 
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amount of work is in progress. In the Balaghat district 10 occurrences 
are known in the west of the district, whilst mining is being carried on 
near the town of Balaghat, and on another large deposit at Ukua in 
the Behir tahsil. In Chhindwara manganese*ore is known at i x localities 
in the Sausar tahsil, whilst the mineral has long been known near 
Gosalpur and Sihora in the Jabalpur district. The ore has also been 
reported from the Khairagarh and Kalahaiidi States. 


Table Principal sources of Manganese^ore^ and latest 

reported productions. 


Country. 

Year. 

Production. 

Country. 

Year. 

Production. 

f 


Tons. 



Tons. 

Russia 

1900 

884,300 

Cuba (Exports) . 

1902 

39,628 

India .... 

1903 

171,806 

Chili (Exports) . 

1901 

31.477 

Brazil (Exports) . 

1902 

156,269 

France . . 

1901 

22,300 

Spain . • 

1902 

62,944 

United States . 

1902 

16.477 

Turkey (Exports) 

1902 

50,000 

Japan . 

I9OX 

1 

15.858 

Germany . . 

1902 

49,81a 

Greece . . 

1 >501 

14,166 


The deposits in the Central Provinces possibly belong to the same 
group of rocks which further to the south-east were first worked for 
manganese-ore in the Vizianagram State, and the intermediate jungle- 
covered country, which is very little known, will possibly yield further 
occurrences of the ore on more systematic exploration. In other parts 
of the Madras Presidency the ore has been reported in the Kallikota 
State, in the Ganjam district, and in the Sandur hills of Bellary. 

One occurrence has been recorded in the Gwalior State, and one is 
now being worked in Jhabua, from which 6,800 tons were turned out in 
1903, whilst there are several localities at which poor ores are found 
in the Dhdr forest. 

On the Bombay side, manganese*ores have been- found at several 
places around Mahabaleshwar and Satara; in the southern part of 
Belgaum district; in Bijapur; near Jambughora in Rewa Kantha, 
and in the Dharwar district where prospecting operations are in 
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Mode of 
Nagpor area. 


progress. If the deposits in Dharwar and Belgaum approach those in 
the Central Provinces in quality, they will, on account of their proxim¬ 
ity to the coast, develop very rapidly. Manganese has been reported 
also in the Tavoy and Mergui districts of South Burma, in the Nizam’s 
Dominions, and in the form of manganiferous iron-ore near Chaibassa 
in Chota Nagpur. 

In the Nagpur area the manganese-ore occurs as lenticular masses 

and bands in the quartzites, schists, and gneisses, 
occurrence, regards origin appears to have been 

formed at least partly, by the alteration of rocks 
composed of manganese-garnet, with which the mineral rhodonite, a 
manganese pyroxene, is often associated. Consequently the ore is 
frequently found to pass, both laterally and along the strike, into partly 
altered or quite fresh spessartite-quartz rock, or rhodonite-spessartite- 
quartz rock. 

The ore-bodies often attain great dimensions, and their disposition as 

irregular lenses along the strike of the enclosing 
schists naturally influences the miner in laying out 
the boundaries of his claims/’ A deposit near Balaghat is 1 1 miles 
long; at Manegaon in the Nagpur district the ore-body is 1 4 miles long ; 
whilst at Thirori in the Balaghat district it is nearly 6 miles in length. 
As examples of great breadth may be quoted Kdndri, loo feet thick, of 
pure ore, and Rdmdongri, 1,500 feet of ore and unaltered spessartite 
(manganese-garnet) rock. The depth of these ore-bodies is quite 
unknown, as the so-called mining has so far passed little beyond the 
quarrying stage, and the question of possible exhaustion does not enter 
into the calculations of the present owners. 

This Nagpur ore is typically a mixture of braunite, and psilomelane, 
sometimes, though, entirely braunite—^a hard, 
compact, pure ore, ranging well over 51 per cent, 
of manganese. The average material now being raised ranges 
between the following limits on analysis 


Dimeorioos of ore-bodies. 


Conposltlofl. 


Manganese 
Iron • 

Silica • 

Phosphoras 
Moisture . 


Per cent 
. • 51-54 

. . S— 8 

. . s- 9 

• . 0*05—O’13 

usually below 1*0 


The Vizianagram ore occurs under geological conditions apparently 
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resembling those of Nagpur, though the enclosing rocks are sometimes 
too decomposed for precise petrological determination. There is 
another mode of occurrence in the Nagpur district, the ore occurring 
as nodules in crystalline limestone associated with piedmontite, and in 
places where there has been a dwindling of the limestone through 
water-action, these nodules of ore have accumulated in layers of a size 
which might be worth working. Occasionally in cavities in this lime¬ 
stone beautiful pyrolusite crystals are found. 

Being near the coast, and consequently free of the tax of railway 
freight, it is possible to export a lower grade of ore from Vizianagram 
than from the Central Provinces. The ores shipped from Vizianagram 
show, according to Mr. H. G. Turner {^ourn. Iron and Steel Inst-, 
i8g6, I, 160) the following range of composition 


Manganese 

Iron 

Silica 

Phosphorus 

Moisture 


. 45—50 per cent 

• 7-J3 ■» 

. 2- 5 „ 

. o‘i2— o ‘27 „ 

. I'10— rSd,, 


Manganese-ore occurs under different conditions in the Jabalpur dis¬ 
trict, where it is found in the Dharv,’ar-like schist 
^ ’ series which forms a belt with a maximum width 
of 7 miles stretching for 20 miles in a N.E.—S.W. direction. The 
rocks in this belt are various quartzites, phyllites, and schists, including 
hematite-schists and jaspers. The hematite-schists are slightly man- 
ganiferous and are often capped by a secondary deposit of limonite, in 
which psilomelane has formed into irregular nodules. Pyrolusite and 
psilomelane also occur in this district, sometimes occupying cavities in a 
siliceous breccia which is rather common. 

The manganese-ore occurring in the neighbourhood of 
Mahabaleshwar forms irregular nodules distributed 
Mahabalethwar. through the laterite cover on the Deccan Trap, and 

the nodules are formed presumably by concentration of the residue from 
the action of meteoric waters on the basaltic rocks. 

For use in steel-making, manganese-ores should contain not more 
than 0*15 per cent, phosphorus nor more than 10 
Valutkm of maafo- per cent, of silica. Under conditions laid down 
neie-ore. Carnegie Steel Company, ores containing 

less than 40 per cent, manganese and more than the above-mentioned 
quantities, of phosphorus and silica may be rejected at t e op ion o e 
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buyer. Deductions from the scheduled price per unit are made also 
for every i per cent, of silica above 8 per cent, and for each 0*02 
per cent, of phosphorus in excess of o'l per cent. Steel manufacturers 
pay an additional price per unit of iron present in the ore. 


Table 32. —Variation in the Price of Manganese-ore c, i. f at 

United Kingdom Ports. 


Date. 

50 percent. Mn. 
and upwards. 


40—47 per cent. 
Mn. 

Pence per unit. 

Pence per unit. 

Pence per unit. 

Jaonaiy 1898 

• • 

a 

a 

a 

9—la 

84—11 

74—104 

July 1898 

• a 

a 

a 

a 

9—la 

84—11 

74—104 

January 1899 

• a 

a 

a 

a 

10—ia| 

9—IX 

74—104 

July 1899 

a a 

• 

a 

a 

la—14 

104—114 

8—10 

January 1900 

a a 

a 

a 

a 

m 

la—13 

10—la 

July 1900 

• • 

a 

a 

a 

mgm 

114—124 

10—12 

January 1901 

a a 

a 

a 

a 

la—14 

11—la 

10—II 

July 1901 

a a 

• 

a 

a 

loi—n 

9—10 

—8 

January tgo2 

a • 

a 

a 

a 

94—io| 

9—94 

8-9 

July 190a 

a 

a 



94—104 

9-94 

8-9 

January 1903 

a a 

a 

a 

a 

10—104 

84-9 

74—84 

July 1903 

a a 

a 

a 

a 

10—104 

8-9 

74-84 

January 1904 

• • 

a 

a 

a 

9—94 

8-9 



The prices paid for manganese*ore carrying over 50 per cent, of the 
metal, delivered at United Kingdom ports or at 
New York, ranged between 9 and lo pence per 
unit at the end of 1903. Thus, an ore with 52 per cent, manganese 
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would be valued at 5^=39 shillings a ton. Table 32 (page 60) and 
the following diagram (figure 9) show the recent variations in the 
prices of ore of different grades:— 



Fio. 9 .—Variation in the Prices of Manganese-ore at United Kingdom Ports since 

iSgo. 


Owing to the distance of the chief deposits from the sea-board— 
„ . ^ amounting in the case of the Central Provinces 

to about 500-000 miles—and the heavy freight 
charges to Europe and America, only the high grades of ore can be 
touched. Ores which would be considered valuable within range of a 
steel-making centre are rejected in India, and the result is a regretful 
waste of the natural resources, which will continue until there is a 
demand in the country for ferro manganese and facilities for its ihanu- 
facture. As the ore sent out of India ranges a little over 50 per cent, of 
manganese, the metal for which it is valued is charged with nearly double 
freight; but the present owners of mines have so far sunk comparatively 
little capital, and the so-called mines are mere open quarries worked by 
the assistance of no expensive plant; there is thus no present induce¬ 
ment for husbanding resources, and there will probably be no attempt, 
either to manufacture ferro-manganese from low-gjrade ores, or to 
make steel, before the inevitable decline in the mining industry takes 
place. There is now an apparent haste to make the most of the pre¬ 
sent circumstances, and as the Indian and Brazilian outputs have 
already affected the market, there is a very evident fear of depreciation 
in prices, and consequent curtailment of the life of the industry; for 
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the export of manganese*ore will cease to be profitable long before the 
natural stocks of higher gprades of ore are exhausted-~-when, in fact, 
quarrying passes into mining, and the simple excavation of rich ore now 
in sight in great quantities gives place to the more expensive process of 
selection. However, by all accounts and all appearances, there is yet a 
fair future before the present owners of manganese-ore quarries, and the 
wonder is, not that manganese-ore mining has developed so greatly 
in India, but that such rich deposits could have remained so long 
prominently exposed and yet untouched, as attention was directed to 
the best of them many years ago.^ 

One cannot help the feeling of regret that the whole industry is at 
present equivalent to a heavy loss to the country. The ore exported is 
worth perhaps Rs. 30 a ton in the country to which it is sent: this 
country gets out of it merely the margin left after paying the heavy 
freight charges, and possibly Rs. 15 a ton can be regarded as the profit 
to India, divided between the railways, the miners and the owners of 
the land. At the same time, India has to pay the foreign manufacturer’s 
profits and the cost of return carriage for the manganese brought 
back in the form of steel. If a flourishing steel-manufacturing industry 
existed in the country^ much of the manganese would be retained in 
India, and the lower-grade ores also would be economically developed. 
As it is, our manganese-ore is being exported to the three great 
steel-producing countries—England, United States, and Germany. 
The exports to Holland and Belgium shown in table 33 are in part 
for transmission to Germany, whilst the consignments sent to Egypt 
were booked to Poiit Said to await orders for delivery to ports further 
west. 

It is only, however, within recent years that the demand for man- 

UiesofnansaBese-ore. steel-making has grown so rapidly. 

Manganese-ore was formerly used in the chemical 

trade in various ways, but mainly for the production of the chlorine 
necessary to manufacture bleaching powder: it was then valued especi¬ 
ally for its content in oxygen, in which respect the Indian braunite is 
inferior to pyrolusite. Now the conditions are reversed, and the ore 
being valued mainly on account of its manganese content, the sesquioxide, 
in braunite, which predominates in the Indian deposits, is more valuable 
than the dioxide, pyrolusite. 


' V. Ball, Manual of the Economic Geology dL India, 1881,329. 
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Table Distribution oj exported Indian Manganese-ore 
for the years iSg^-gS to / 902-0j. 


COUNTRIBS. 

i897>g8. 

1898-99. 

1899-00. 

1900-01. 

1901-02. 

1902-03. 


Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

United Kingdom 

54:279 

51.931 

63.175 

86,269 

65,150 

95.540 

Belgium . 

aes 

••• 

S.?50 

13,300 


1,000 

Prance 

see 


• te 

5.850 


see 

Germany . . 

• • • 

see 

••• 

••• 

11,300 

10,734 

Holland . 

*a* 

ae > 

8.350 

16,500 


5,050 

Egypt 

<«• 

• •• 

••• 

3.400 

15,000 

see 

U nited States 

24.550 

10,900 

18.350 

S.3SO 

41,720 

42,950 

TOTAL . 

njB 29 

6L831 

95,225 

130,669 

133,170 

155,274 


Mica. 


The returns of production for mica grossly understate both quantity 

and value, as both are below the export returns. 

jnjca on which royalty is charged is 
that raised in Government land, and as many mica 
miners have mines in both Zemindari and Government land, there are 


obvious reasons for understating the production, and, besides this fact, 
the flourishing industry of stealing mica diminishes the returns for 
production without affecting the export figures. 

A considerable quantity of mica of the poorer grades is consumed 

in the country for ornamental and decorative 
Exporti. purposes, and a small quantity of the larger sheets 

is used for painting pictures on in various parts of the country. As 
far as the figures for quantity are concerned, therefore, the exports 
cannot be accepted as an approximate expression of the production; 
but as regards value, the export returns may be accepted as a closer 
approach to the figures which should express production. 

From table 34 it wUl be seen that, during the years 1897-98 to 

1902-03, the mica exported averaged I 9 i *73 
cwts., and had an average annual value of 


VtriatloM lo Tttoe. 
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or ^4*05 per cwt. The variations in yearly value reflect a 
serious change in the trade which occurred in 1899. The diagram 
forming figure 6 (page 14) brings out this feature very strikingly. 
In 1898 Indian mica miners began to realize that their waste dumps 
contained a large supply of the material wanted for the manufacture 

of micanite, in which thin films of mica are 
silaai^ ** ***** ** cemented together and moulded into sheets, to 

serve many purposes for which the natural sheets 
only were used formerly. The waste heaps were consequently turned 
over, and the clear sheets of muscovite cleaned and split into thin films 
by gangs of children, who, by practice, could select the films of the 
required thickness with an accuracy which could scarcely be exceeded 
by the use of a micrometer. The large quantities of “ flimsy mica 
thus suddenly thrown on to the market raised the weight of mica 
exported, without a corresponding increase of value. Thus, figure 6 
shows the curve for weight, suddenly rising in thS years 1899—1901 
until it crosses that for value, falling back with the reaction in the 
following year, but with a closer approximation of the two curves 
marking the years subsequent to 1901 when compared with those 
before 1898. 


Table Exports of Indian Mica during ike years 

to igoa^oj. 



Ysar. 



Quantity. 

Value. 

Value per cwt. 

1897-98 . 

• 

• 

* 

Cwta. 

11,608 

£ 

71.234 

r 

6 14 

1898-99 . 

• • 

• 

• 

10,947 • 

53 ,fi 90 

4-92 

1899*00 

■ • 

• 

• 

22.599 

73,37a 

3*25 

1900-01 . 

• • 

• 

• 

33,175 

109.554 

3-30 

1901-09 - 

« • 

• 

• 

16,298 

70,034 

4*30 

1902-03 . 

• • 

• 

• 

20,412 

87,594 

4*29 


Average 

• 

19 ,*73 

77 , 6*3 

4 -os 


The same lesson is expressed in table 34, from which it will be seen 
that the average value of the mica sent out of the country in 1897-98 
was £6*14 per cwt.| and that this value dropped down to .ip 
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1899*19^0) when the cheaper mica was exported in quantity, with only 
a partial recovery in the following years, during which both the cheap 
kinds and the more expensive sheets were exported together. 

Table 35 shows the relative contributions of the mica exporting. 

Source of mko railed case of Bengal and Madras 

for export provinces in which the industry can be 

regarded as established, the mica exported was 
that produced within the Presidency in each case. It will be seen from 
this table that, during the years under review, the two chief producers 
contributed to the average total as follows :— 

Bengal . . . 12,282 cwts., valued at . , £52,272 

Madras • , , 6,S'J2 ,, ,, , • £25>24i 

The average value of the mica sent out of Bengal was thus ^£4*26 
per cwt., whilst that from Madras was £y6'j. 

f 

Table ^^.—Exports of Mica for the years i8^'y-g8 to /po 2 -oj. 



Bengal- 


Bombay. 


Burma. 


Madras. 


;S Valne s 

50 Value, per M a 

I ^ 5 


Value 

per 

cwt. 



Value 

per 

cwt 



Cwt. £ 


£ Cwt. £ £ 

3,264 ai.183 d’dP 
10 258 25*8 3,5*06 21,628 MS 

3 13 43*3 7,071 26,035 3-68 

... I9,S«7 46,405 

4,421 16,87s 3*82 

3.755 >9 320 frIS 

<5.«72 iSMi 3 W 



Table 36 shows the average distribution of exported mica during 
the period under review. It will be noticed that 
Dtofrltatioo of Blca United Kingdom took the largest share, 

^ amounting to 73’^ cent, of the average total 
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value, but much of the mica sent to the United Kingdom is' sold tlu^re 
for transmission to the Continent and America. The mica sent direct 
to America brought a higher price, as only the better qualities could 
face the heavy import duty imposed by the Dingley Tariff in 1897. 


Table •^^.•^Average Distribution 0/ Indian Mica exported 
during the years iSgy-gS to tgoa-oj* 



Average Quantity. 

Average Value. 


Exported to 

Cwts. 

Pet 

cent, of 
total. 

£ 

Per 

cent, of 
total. 

Value per 
cwt. 

United Kingdom 

14.843 

7r4 

56,799 

75*2 

3*83 

United States 

2,978 

>55 

* 5.596 

20’/ 

524 

• 

Germany . . 

1,027 

5'4 

3.920 

5*0 

3‘82 

Belgium 

141 


634 

0-8 

4*50 

France 

5 S 


522 

07 

9‘49 

Hong Kong 

90 


a€ 

see 

0*29 

Other Countries . 

39 


lid 

0*2 

2-97 

Average Total 

19,173 

lOO'O 

77,613 

lOO'O 

4‘OS 


According to the Dingley Tariff, imported mica was divided into 
“ unmanufactur^ ” and “ cut or trimmed,” both 
fsit LtfSt **** being charged with a duty of 20 per cent, ad 

valorem^ plus 6 cents a pound in the former case 
and 12 cents a pound in the case of “ trimmed ” mica. The duty had 
an immediate effect on the American mines by excluding all the lower 
grades of foreign mica, and thereby giving new life to many mines 
unable to face foreign competition without protection. , For the five 
years preceding 1897 average v«due of mica produced in the United 
States averaged £14,573 a year, whilst for the five years following 1897 
the average annual value of the production was £25,518. The tariff 
was, however, insufficient to retard the growing demand for mica, and 
whilst the imports into the United States for the five years before 1897 
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had an average annual value of jC33>48i, those for the following five 
years averaged £61,880. 

The tariff, however, naturally affected the Indian producer, who 
then contributed the chief part of the mica consumed in America, 
whilst the practice of preparing the mineral for the market became 
aflbeted by the classiBcation adopted, though some Tnff ia p producers 
were slow in observing the fact that mica sent to the London market 
in neatly trimmed rectangles was, on account of the higher duty, worth 
slightly less to the American buyer than the roughly dressed material. 

For many years India met with little competition from other countries 

CMprtHInirUliCuuta. American market, but during the last two 

^ years Canada has produced large quantities of 

phlogopite, and by meeting the requirements of the consumers of mica, 
has seriously challenged the supremacy of India. Table 37 shows 
approximately the relative positions of the three countries which, 
between them, produce well over 90 per cent, of the World’s supply. 
India has so far enjoyed an easy lead, but there was a sudden expan* 
sion of the Canadian output in 1902, though reports recently received 
forecast a return to near the normal value of £32,000 for the yew 
1903 - 

Table 37 .—-of Mica raised in the three principal 

producing countries^ 


Ybab. 

1898. 1 

1899. 

1900. 

1901. 

1902. 

Average, 


1 

£ 

£ 


£ 

£ 

£ 

India (a) . 

53,890 

73,372^ 


70,034 

87,594 

78,888 

United States (b) 

a6,aig 

! 24.293 

39.592 

23.7*5 

33,769 

»S,St8 

Canada • 

34,324 

33.493 

. 34 ,*10 

32.877 

(0)82,193 

4t.399 


(a) Export* only. | {b) Value at the place of production. 

{e) Preliminary figure* subject to rewsion. 


The methods of mining and the distribution of mines do not differ 

materially from those described in a special 
MUag Bcthedi. hfemoir issued two years ago.*^ The short-sighted 

» T. H. Holland: The Mica Deposits of India. Mem. Geol. Sunr. Ind., 
vol. XXXIV, part at 1903. 

r A 
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policy then described is beginning now to impress itself on the mica* 
miners, who will be fortunate if no other country steps in to secure the 
market which could be controlled by India, or no artificial substance is 
found to meet the growing demand for mica, before the miners learn 
the necessity for reorganizing their methods. 

The rules for the grant of prospecting licenses and mining lea%s 

Pmpulta, nta. 'S"’ 

and are printed in extenso with those for Madras 

in the Memoir on Indian Mica published by the Geological Survey in 

1902. The important changes introduced in the rules were 


(1) The levy of a royalty in the case of prospecting licenses at 

the rate of 5 per cent, on the sale value of mica; 

(2) The abolition of the system of putting up leases of mica 

mines to auction, and provision for restricting operators 
to approved methods; 

(3) The raising of the maximum period of leases to 30 

years; 

(4) The grant of power to lessees to relinquish their grants 

during the currency of their leases. 


Protpectfog 

granted. 


Uceatea 


Of the prospecting licenses issued during the period under report, 
seven were granted in Nellore, four in Coimba¬ 
tore, one in Godavari, and one in the Tinnevelly 
district, Madras Presidency. In the Centrsd 
Provinces, one was granted in each of the three districts, Balaghat, 
Hoshangabad, and Chhindwara. In Burma, one license was issued for 
each of the two districts of Magwe and Mandalay, and two each for 
Myitkyina and the Ruby Mines distrtct. In Assam, one license was 
gpranted in the Khasia and Jaintia hills. In Rajputana, four licenses 
were granted in Ajmer-Merwara, making a total of 27 licenses, covering 
3,223 square miles. 

Most of the mica mines having come under the control of the Indian 
Mines Act of 1901, labour statistics for the last 
three years of the period under review are now 
available. These are summarised in table 38, from which it will be 
seen that the mica industry comes next to gold in providing labour, 
whilst the risks attending mica-mining, as now practised, are rather 
greater than those of coal mining in India, though the period is too 
short for a fair comparison of the two indnstries. 


Labour statistics. 
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Table Labour Statistics of Mica Mines for the years 

igot to tgoj. 


Namber of persons 
employed. 1 

Province. 

1901. 

190a. 

1903. 

Average for 

3 years. 

Bengal 

Madras 

6,254 

2,965 

7,363 

21,137 

6,464 
a,313 

6,094 

»AV 

TOTAL . 

9,219 

28 AW 

8,776 

9 , 1 W 

Number of Deaths/ 
from Accidents at 1 
Mica Mines. 1 

Bengal . 
Madras 

a 

16 

2 

•ae 

9 
■ •« 

4 - 33 

5- 33 

TOTAL . 

m 

2 

9 

9 'M 

Death-rate per 1,000 r 
persons employed S 
at Mica Mines. 1 

Bengal . 

1 Madras 

1 Average 

\ 

0*32 

S '39 

0*27 

1*39 

• •a 

o'fly 

no 

rgS 

o’ai 

roa 

ros 


Petroleum. 

More progress has been made, during the period under review, 
in developing the petroleum resources than 
Total prododioB. Qj-jigr mineral. The output in 1897 

amounted to 19 maiion gallons, and at the time ^ 
production, but the outturn has since been quadrupled, and m 903 
amounted, as shown in table 39 . to nearly 88 million gallons. 

But still India contributes little more than ,i P*' 

. . World’s supply of mineral oil.' Figures for all 

Posltioo ol ladlo ortiintries are not yet obtainable for 1903 

output exceeded 50 million gallons. World’s 

oveUelming all others by producing over 

supply, India takes a place comiteting with the 

sih ‘Lrxth‘ 

extension of the Assam-Burma belt. 

. - that the Indian output was x*a9 per cent 

* Preliminary returns for 1903 show _ 1004,0.330.) 

o! the World’s total supply. [PstroUum Oct. aa, 1904. P 33 
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Table 39 —Production of Petroleum during the years t8g8 to 1903. 


Ybar. 

Quantity. 


Gallons. 

itotric 
tons, (a) 

V U6s 








£ 

189B 

• 

• 

• 

• 

23.234,438 

8g.ags 

76,821 

i «99 

• 

• 

0 

• 

32,934,007 

132,365 

125.684 

1900 • 

• 

0 

■ 

• 

37.729.211 


148,755 

igot 

• 

• 

• 

• 

50,075,117 

201,10$ 

204,34a 

.* 9 oa 

• 

0 

0 

• 

56,607,688 

227,340 

317,816 

1903 

• 

• 

• 

• • 

87.8s9.ofi9 

352,848 

354.365 


(a) The metric ten it asautned to be equivalent to 249 gallons of crude petroleum 
having a specific gravity of 0'885. 


India is, however, still far from meeting all its own requirements in 
Insflirii. mineral oil. The imports during the past six 

years have averaged nearly 85^ million gallons, 
valued at 3^^,3141801 (table 41, page 72), but the fall after the 
maximum of 1901-02 was continued into 1903-04, and it now appears, 
consequently, that foreign supplies are actually being displaced. It 
is interesting to notice that, of the two gpreat producers, Russia and 
the United States, which have been supplying between them 93*5 per 
cent, of the imported foreign oil, Russia has been gradually increasing 
its predominance over the United States in the Indian market. In 
1897-98 Russia contributed 58*1 per cent, of the imports and the 
United States 297 per cent., but in 1901-02 the former had secured 
85*5 and the latter only 9*5 per cent, of the Indian custom, though a 
slight reversal occurred in 1902-03 (see table 41}. 

As shown in table 42 (page 73), the predominance of Russia as a 
supplier of mineral oil to' India is more a matter 
of quantity than of value, for although both 
countries supply large quantities of the cheaper kinds of oil, the supplies 
of more expensive kerosenes come from America, and the average 
price per gallon of the American oil is greater than that from Russia, 
prices on the whole having been enhanced in the former case from an 


Vatae of inperts. 
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average of 6-66 pence per gallon in 1897-98 to 7 81 pence per gallon in 
1902-03, and having been depressed in the case of Russian oil from an 
average of 6 47 pence per gallon in 1897-98 to 5*93 pence in 1902-03. 


Table 40. Worlds Production of Petroleum in igot and igoo. 




1901 

• 

190a. 

Countries. 


Gallons. 

Per cent. 

f 

Total. 

Gallons. 

Per ant. 

of 

Total. 

United States . 

• 

2,428,621,790 

41-84 

3,106,842,060 

4794 

Russia . 

• 

2,980,899,460 

5 I '38 

2,818,901,575 

43 'SO 

Sumatra, java 
Borneo. 

and 

io 6 ,? 54 .Sco 

1-84 

205,100,000 

3-1" 

Galicia . . 

• 

113,804,040 

rod 

*44.975.600 

224 

Roumania. 

a 

49,215.600 

o-8s 

72,097.550 

fit 

India . 

• 

50.075,117 

086 

56,607,688 

08-j 

Japan . 

• 

38,500,000 

o-Oj 

41 . 755.000 

0-64 

Canada . . 

• 

20,037,500 

0‘35 

18.200,000 

0-28 

Germany. . 

a 

10,977.050 

O'tg 

*2,378,625 

0-20 

Peru . . 

• 

2.529**35 

0-04 

2,100.000 

0*03 

Italy . . 

Other Countries 

* 

• 

353.500 

700,000 

1 

1 1 0'02 

420,000 

-a 

910,000 

\ 

TOTAL 


5 ^ 02 , 067,692 

■ 

100-00 

6 , 480 , 288,098 

100-00 


The petroleum resources of India are confined to the two systems 
OcGomacM ®f lodlaa folded rocks at either end of the Himalayan 

pctrolcaiii. arc— 

(i) The Iranian system on the west, including the Punjab and 
Baluchistan, and continued beyond British limits to Persia, 
where the oil-fields have attracted interest for many years, 
(a) The Arakan system on the east, including Assam and Burma, 
with their southern geotectonic extension to the highly 
productive oil fields of Sumatra, Java, and Borneo. 
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Table Average Annual Value of Mineral Oil imported during 

the yean iBg'j-QS to rgoa-oj. 


• 

! 

CouNTRtBS. { Average annual v<ilue. 

» 

1 

V j 

Average value per gallon. 


£ 

Pence. 

Russia .... 

1,666,571 

6-28 

United States ... 

483,*'-'° 

1 

7 ' 2 * • 

Other Countries. . 

165,011 

! 7‘>7 

Average Annoal Total and 
Average Price. 

2 , 3 l 4 .fi 02 

6*50 

1 


In both areas the oil is associated with Tertiary strata, and has had 
probably similar conditions of origin in both cases, but the structural 
features of these areas are not equally suitable for the retention of oil 
in natural reservoirs. In Burma, however, the conditions have been 
locally ideal: the well-known Yenangyaung field lies in aN.N.W.-- 
S. S.Ei flat anticline, the axis of which by variation in pitch has produced 
a flat dome in the Kodaung tract. The rocks in this dome include a 
porous sand at depths of 200-300 feet, covered by impervious clay- 
beds, which have helped to retain the oil until the impervious lyers are 
pierced by artificial wells. In the Baluchistan area the rock-folds have 
been truncated by agents of denudation, or have been dislocated by 
earth-movements, and much of the original stores of oil have disappeared. 
Oil-springs are common enough, but they are mere ‘shows, not 
connected with reservoirs which can be tapped by artihcial means. 

In the Punjab, oil-springs have been known for many year® ^o exist 
in the Rawalpindi district and further to the south- 
west, but the total output of the Punjab is small, 
ranging between 1,000 and 2,000 gallons a year. During the past six 
years the recorded production has been as follows• 


1898 

1899 

1900 

1901 
190a 
1903 


. . 1,510 gallons. 

. 1*104 » 

. • 1,874 *• 

• . 1,81a M 

• • 1,949 •• 

. • >,7Sf3 *• 
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Unsuccessful attempts have been made to develop the oil resources 
indicated by springs in different parts of 
Baluchistan; the most prominent^of these are near 
Khatan in the Mari hills and Moghal Kot in the Sherani country, where 
small oil springs which were examined in 1891 were found to yield oil 
of a very high quality. The oil-spring in the neighbourhood of 
Moghal Kot affords a good illustration of the way in which a country, 
originally well endowed with the necessary conditions for the natural 
production of petroleum, may lose its resources by subsequent des¬ 
truction of the natural reservoirs. The Moghal Kot oil-bearing beds 
form a vccy open anticlinal fold, whose axis pitches to the E.N.E., 
and if the dome possessed the necessary plastic, impervious envelope, 
the oil rising up from below would have become concentrated in the 
porous beds which form the saddle, but for the fact that along this line 
the rocks are more easily eroded by surface water, and the anticline 
thus forms the gorge of a river by which the rocks have been opened 
to permit the waste of oil for an indefinite time. This is, unfor¬ 
tunately, the history of most of Baluchistan and the Punjab, where 
the oil-bearing strata are either disturbed beyond the plastic limit of 
the impervious layers, or the whole series of beds (those which are 
porous and hold the oil, as well as those which are impervious and 
limit its movements underground) have been exposed to the air. In this 
respect the Punjab-Baluchistan area offers fewer prospects of success 
than the eastern group of Assam and Burma, where, especially in the 
latter area, the rocks are less disturbed and the softer shsdes have 
retained their nearly impervious character. 

Up to the present, however, all attempts to develop the oil prospects 
of India have been without success, except in Burma and North-East 
Assam. Burma holds an easy lead, and if its resources hold out, the 
present rate of development will soon displace foreign supplies. 

The delay in the development of the promising petroleum resources 
of Assam is an instance of a remarkable diffidence 
and want of enterprise existing in a com* 
mercial community which could show the reckless speculation of 
the gold boom of 1890. As long ago as 1865 an account of the Makum 
area was published by Mr. H. B. Medlicott, F.R.S., in the Memoirs 
of the Geological Survey, and trial borings were then recommended. 
This advice was followed in 1867, when a Calcutta firm obtained per¬ 
mission to prospiK:t, and struck a promising oil-spring at a depth of 118 
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feet near Makum; but nothing more was done until 1883, and only very 
slow development occurred in the following sixteen years. The Assam 
Oil Company was, however, formed in April 1899 with a nominal capital 
of £310,000, most of which was quickly called up and invested in the 
erection of a new refinery at Digboi and in systematic drilling opera¬ 
tions, with the result that the output rose from 631,571 gallons in 
1901 to 2,528,785 gallons in 1903. Besides the ordinary illuminating 
oil and solid paraffins, the Assam Oil Company has made a success¬ 
ful attempt to put petrol on the Indian market. The following table 
shows how the output in this area has been rising during the last six 


years: 


1898 

1899 

1900 

1901 

1902 

1903 


S47»965 gallons. 
6 * 3.372 
753.049 
631.571 
i.y.sSjsg .» 

2,528,785 „ 


The belt of Tertiary rocks extending from the north-eastern corner 
of Assam for some 180 miles south and west shows frequent signs of oil, 
nearly always in association with ^-oal and sometimes associated with 
brine-springs and gas-jets. The series of earth-folds in which this 
corner of Assam occurs stretches southwards to Cachar, where oil 
springs are also known, through the little-known Lushai hills into 
Arakan, and in the same system of parallel folds occur the oil-fields of 
the Arakan coast on one side of the Yoma and those of the Irawadi 
valley on the other (see plate 6), 

The most productive oil-fields of Burma are those on the eastern side 

of the Arakan Yoma, in the Irawadi valley, 
Bnraa. forming a belt stretching from the Magwe district, 

in which the well-known field of Yenangyaung occurs, through 
Myingyan, in which Singu occurs, across the Irawadi into Pakokku, 
where Ycnangyat is situated. Oil is, however, known further south 
in Minbu, Thayetmyo and Prome, and further north in the Chindwin 
valley, but these areas have not so far been thoroughly prospected, and 
the great development which has recently taken place has been the 
direct outcome of work in the three fields, Yenangyaung, Yenangyat, 
and Singu. 

Yenangyaung, the best known and most developed of the fields, 
„ _ .. still holds the lead as a producer. The oil in this 

has been worked by native wells on both 


area 
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sides of the dome for well over loo years, and before 1886 the annual 
yield was generally over two million gallons, but soon after systematic 
drilling was introduced in the central Kodaung tract in 1887 the output 
gradually rose to over 10 million gallons in 1894, and last year, 19031 
reached a record of 56,920,662 gallons. 


Table ’Production of the Burma Oil"fields between 

i8g8 and 1903. 


Ybab. 

Yenang* 

TOung, 

Magwe 

District. 

Singti, 

Myingyan 

District. 

Yenangyat, 

Pakokku 

District. 

Akyab. 

Kyauk- 

phyu. 

TOTALS. 

1898 . 

Gallons. 

IS.484,301 

Gallons. 

• •• 

Gallons. 

6,036.088 

Gallons. 

58,025 

Gallons 

1 

105,549 

QaOooB. 

21 . 6 H 963 

Metric 

tone. 

i 8 j ,088 

1899 . 

22,111,514 

• •• 

1 

10,030,790 

50.559 

116,668 

32 , 309.531 

199,757 

I9CX) . 

27,123,325 

• aa 

9,701,769 

36,852 

112,342 

30 , 974.288 

i 

148,491 

1901 . . 

37,482,935 

•a* 

>1,843,341 

22,355 

93,103 

49 , 441.734 

198,561 

190a , 

40,712,142 

174.880 

>3.824,350 

36,794 

100,774 

54 , 848,980 

220,277 

1903 . 

56,920.662 

5,617.381 

22,665,518 

52,968 

71,962 

85 , 328.491 

349,685 

Average , 




49,926 

/oo,ajj 

40 , 764,065 

187,810 


(a) Two years only. 


Yenangyat yielded very small supplies of petroleum before 1891, 

TiiimiiLJif when drilling was started by the Burma Oil 

Company. The expansion was slow until 1894, 
when 324,086 gallons were produced, but rose rapidly to 6,036,088 
gallons in 1898 and to 22,665,518 gallons in 1903. The oil from the 
Yenangyat area, and that from its southward extension on the other 
side of the Irawadi river near Singu, contains a higher proportion of 
the lighter hydrocarbons than the Yenangyaung crude oil. 

Singu has suddenly come into prominence. Petroleum was first 
struck by the Burma Oil Company in this area 
*"* on the 30th October 1901, and arrangements were 

then made to provide tanks for its reception. Production did not 
consequently begin till 1902, when only 1741^80 gallons were turned 
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out with the opening of the new wells, but the output jumped up to 
5,617,381 gallons in 1903. The crude oil first obtained had a specific 
gravity of 0-8247 and flash point under 40° F., in consequence of which 
primary stills were erected on the field to remove the light naphthas 
before transport to the Rangoon refineries. 

Besides the Upper Burma oil-fields, the islands off the Arakan coast, 

Ankancout “o^d for their mud volcanoes, have also been 
known for many years to contain oil deposits of 
uncertain value. The chief operations have been carried on in the 
Eastern Barongo Island near Akyab and on Ramri Island in the 
Kyaukphyu district. During the past six years the average output of 
the former area has been 42,926 gallons, whilst in Kyaukphyu the output 
in the same period has averaged about 100,000 gallons, with a distinct 
tendency to decline. 

The main factor which has contributed elsewhere to the recent gpreat 
advances in oil production, namely, the general 
system oftrsos adoption of the bulk system of transport and 
distribution, has been receiving the attention of 
those interested in the develoi^ment of the Burma oil-fields. The Burma 
Oil Company have laid a pipe-line from Yenangyat, through Singu, to the 
Yenangyaung area, and are now preparing to connect all the fields in a 
similar way with their refineries in Rangoon, a distance of 275 miles | 
they are adding several large tank steamers to their present fleet of 
five, with storage tanks at the principal Indian ports. The enterprise 
shown in the laying out of capital in Burma evidently anticipates an 
expansion in the trade well beyond the record output of I 903 » 
fact that mineral oil is being rapidly adopted as fuel instead of coal, 
removes the fear of over-production which seemed likely as long as 
petroleum was used only as an illuminant. 


Ruby. 

During the period under review the ruby-mining industry in Up^ 
Burma underwent a new and favourable phase, the mineral having 
become, next to petroleum, the most profitable source of revenue amongst 
Burmese minerals. Various leases were granted in the ruby*bearing 
area near Nanyaseik in the Myitkyina district, and in the “ stone-tract 
of the Sagyin hills, in Mandalay district, and the results have been 
mostly profitless ; but the returns for the Mogok area, where the Burma 
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Ruby Mines Company is paramount, show that the industry has 
entered a most encouraging phase. The Company was grant^ the 
right in 1889 to mine for rubies and to levy royalties from persons 
working by native methods, the lease being renewed in 1896 for 14 
years, at a rent of Rs. 3,15,000 a year plus a share of the profits. The 
results being, however, unsatisfactory from the shareholders’ point of 
view, the rent was reduced in 1898 to Rs. 2,00,000, the share of the 
profits being, at the same time, raised from 20 to 30 per cent. A 
dividend of 5 per cent, was paid for the first time in 1898, when the 
value of the rubies obtained amounted to 3^57,950. In 1899 the Com* 
pany obtained rubies to the value of 3^90,848 and paid a dividend of 
12^ per cent.: in this year three unusually valuable stones were found, 
one of 77 carats being valued at 4 lakhs of rupees {£26,^^). In the 
following year, 1900, the value of the stones raised increased to 
3(^97,326, and the Company paid a dividend of per cent. The year 
190^ showed the record output of stones valued at 3^104,476, whilst in 
1902 they brought ^^86,895. In the last year, 1903, the Company’s 
receipts were 3^98,575, and profits on the year’s working 3^44,950. 


Salt. 


There are thrc» kinds of sources from which salt is produced in 
India 

Oriflo el Indlui salt 


(i) Sea-water, from which 61 *8 per cent, of the total produc¬ 
tion was obtained during the period under review; 

(a) Sub-soil water and lakes in areas of internal drainage, in 
both of which the origin and mode of concentration of the 
salt are the results of essentially similar natural processes. 
From these sources about 27 per cent, of the total was 
obtained; and 

(3) Rock-salt beds, from which ii'2 per cent, of the total was 
obtained by mining and quarrying. 

During the past six years, 1898 to 1903, the average annual produc- 
tion of salt in India amounted to 979,572 statute 
^ons. Table 44 shows the variations for the past 
six years and plate 4 shows graphically the position India has taken 
amongst the large salt-producing countries during the past 22 years. 
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Table ^j^*-^Produeti9n of Salt in India {exelnding Aden), 


Year. 

Statute Tons. 

tSeiric Tens, 

189E • • • • 

986.158 

1,001,082 

1899 .... 

900.659 

935,439 

1900 • . . . 

1,005.185 

t.02t,3is 

1901 . . . 

1,103.039 

t,ti9,672 

1903 .... 

1,040.306 

lfiS 6 , 8 g 9 

1903 .... 

833,184 

836^04 

Average 

979%S7» 

995,982 


Table ^^.^Prauincial Production of Salt during the years i8q8 

to 1903. 



1898. 

1899. 

1900. 

1901. 

190a. 

1903. 

Averages. 


Statute 

Statute 

Statute 

Statute 

Statute 

Statute 

Statute 


Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Aden . . 

4<.«7 

4 *.i 8 i 

49,763 

87,800 

58,953 

71456 

54,498 

Bengal . . . 

tea 

• «a 

174 

113 

44 

94 

(a) lOO 

Bombay 

343:5^ 

368,072 

460,363 

333,909 

381,611 

267,619 

357,507 

Burma . . 

18,333 

33,340 

20,83s 

31,500 

30,013 

26.174 

2 m,064 

Gwalior State . 

456 

1 

333 

352 

491 

485 

489 

434 

Madras. 

851,875 

368,962 

333,244 

339,544 

358,4.^0 

244,923 

297,666 

Northern India 

359790 

348,574 

190,532 

405,068 

269,177 

i 

370,068 

990.535 

Sind 

13,345 

11,478 

10,786 

11,415 

1 

1 

10,436 

13,817 

ttfi95 

TOTAL Statate Tens. 

1 

L6Z747S 961.840 

i 

1454.948 

1.189439 

1.099.189 

894,848 

1435400 

Metric Tons . 

r,o#3,«ds| 977,909 

1.071,877 

1,208,033^ 

|/,f/d,7P7 

900,200 

1,054^65 


(«) Average of 4 yew*- 
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Of the provinces contributing to this amount, Bombay, with an 
Pravtadtl cobMm. average annual production of 357,507 tons, and 
teu to tke total prodsc- Madras, with an average of 297,666 tons, between 

them contributed almost exactly two-thirds of 
the total. Of the salt produced in Bombay, about 78 per cent, 
was obtained from sea-water, the rest being manufactured from 
sub-soil brine at Kharaghora and Udu on the border of .the lesser 
Rann of Cutch, and possibly derived from infiltrated sea-water. The 
Madras salt is practically all made from sea water, a very small 
quantity of spontaneous salt being collected at Pandraka in the 
Masulipatam sub-division. 

The chief manufacture of salt in Burma takes place also along the 
sea-coast, but sub-soil brine is evaporated at various places in Upper 
Burma, notably in the Lower Chindwin, Sagaing, Shwebo, Myingyan, 
and Yamethin districts, and in smaller quantities in Minbu and Meiktila, 
as well as at Mawhkeo in the Hsipaw State. During the past six years 
the average annual production of this salt in Burma has been 3,432 
tons. 

In Sind 88 per cent, of the salt raised during the years 1898 .to 1903 
was obtained from sea-water, and 12 per cent, from the Saran and 
Dilyar deposits on the edge of the great desert. 

From the point of view of the geologist and mineralogist, the last 
two groups of occurrences, namely, sub-soil salt and rock-salt, are 
naturally of more interest than the first, though from the financial point 
of view the salt from sea-water, being the predominating fraction, is 
the most important source of revenue. 

The second form of occurrence is characteristic of areas in which 
evaporation of rain-water is excessive compared, 
Sab-Mil aad Internal run-off, and the salt recovered in these areas 

is that merely arrested on its journey to the sea, 
where, in the same way, it is concentrated by evaporation of the water. 
The most prominent of such areas is the desert-belt of Rajputana 
including the salt-lakes of Sambhar, Didwana, Falodi, Lonkara-sur and 
Kachor-Rewassa, with a brine-impregnated sub-soil along the whole 
valley of the Luni, as well as the country to the west in Sind, around 
the Rann of Cutch and the delU of the Indus. To the north of the 
Rajputana country sub-soil brine is raised and evaporated for salt in a 
cluster of villages in the Sultanpur mahal, south-west of Delhi. Other 
places occur in parts of the United Provinces and in Berar, where large 
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quantities of salt were formerly obtained from sub-soil brine in the 
alluvium of the Puma River. In Gwalior State salt is regularly manu¬ 
factured from sub-soil brine, the average annual production during the 
years i8g8 to 1903 having been 434 tons. In Behar a small quantity of 
salt is separated in the manufacture of saltpetre. The returns for the 
past four years for Bengal, with an average of 106 tons per annum, 
quoted in table 45, refer to salt made in this way. 

The most important source of salt of this group is the Sambhar 
Lake in Rajputana. Recent investigations have 
Sambhar Lake. shown that Sambhar is a silt-filled depression 

in the Aravalli schists and gneisses, in which a body of mud and sand, 
with kankar and gypsum (some 75 feet thick in what appears to be 
about the centre of the depression) includes from 2 to 12 per cent, of 
sodic chloride, with smaller quantities of sodic sulphate, sodlc carbonate, 
and potassic sulphate. Every year the water brought in by the rivers» 
which are in flood during the monsoon, forms a lake some 60 square 
miles in area and 2 to 3 feet deep. The water, which is fresh when it 
fi St comes in, takes up salt from the accumulated stocks in the silt and 
forms a- strong brine, which is partly led into prepared enclosures 
[iyars) for the separation of salt by solar evaporation, partly isolated 
by temporary reservoirs constructed to cut off bodies of the lake- 
water in anticipation of the recession towards the centre during 
evaporation, and partly forms a thin crust of white glistening salt on the 
bed of the lake, where it is allowed to remain until the arrival of the 
next monsoon and the usual annual flooding of the lake. 

During the past six years the average annual removal of salt from 

the Sambhar brine has been 135,051 tons, which 

ProdacHofl and pros- is 13 8 per cent, of the average annual production 
pects o! Sambhar. during the same period. Since the 

lake came under the direct control of Government in 1871 the salt 
removed has amounted to about 4 million tons. During the P^syew 
years the quality of Sambhar salt is said to have depreciated, and d has 
been suspected that the large quantities which have ^ ^ 

at last made an impression on the great stores of salt which must have 
accumulated in the lake silt, appreciably raising the of th 

associated compounds, sodium sulphate, sodium car ^ ^ 
sium sulphate. An investigation is now being ma e wi 
forming an estimate of the total and relative amoun s of 

present in the lake mud, and of obtaining a forecas o 
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fractional solution and crystallization under the existing system of 
manufacture. 

The chief fraction of the output of Sambhar is consumed in the 

United Provinces, but small quantities reach as far 
*** Behar against the competition of foreign 

salt imported through Calcutta. The following 
table shows the average annual distribution of Sambhar salt during the 
years 1897-98 to 1902-03 :— 


United Provinces . . . 

Rajputana. .... 

Central India .... 

Punjab and North-West Frontier 
Province .... 

Central Provinces . . . 

Behar . . . . . 

Sind (in 1902-03 only) . . . 

The salt being manufactured 


,443 tons, or 6S‘3 per cent, of total. 


to, 371 

f9 9f 

»5*3 

99 

*9 

1.713 

99 99 

8-8" 

99 

99 

9 ,IC 9 

99 99 

6-8 

99 

99 

716 

99 99 

0*5 

99 

99 

175 

99 9 

o‘i 

99 

99 

294 

99 99 

02 

99 

99 

Didwana 

is practically 

all con 


sumed in Rajputana and the adjoining districts 
and Punjab. During the years 1897-98 to 

1902-03 the average annual amount, 10,503 tons, 
disposed of from this source was divided into 8,123 tons for the Punjab 
and 2,379 tons for Rajputana. Pachbadra salt, of which only small lots 
entered the Punjab, had an average distribution as follows during the 
period under review : — 


Average Distribution of Pachbadra Salt duiing the years 

i8()'/^g8 to igo2 03. 


United Provinces 
Rajputana 
Central India , 
Central Provinces 


. 15,346 tons, or 45 6 per cent, of average total 

• 9 i^^^ »> »> 27*3 »• »» •» 

• 5>553 »f »» 't6'5 ,, » » 

• 3*5^2 ,, „ lo ’6 ,( ,, ,, 


Total , 33,677 tons. 


The production of rock-salt in the Punjab, North-West Frontier 

Province and Mandi State is shown in table 46, 
•attT*^*****” ** from which it will be seen that, of the average 

annual output of 109,540 tons, 89,023 tons, or 81 *3 
per cent., came from the Salt Range mines, whilst 14*5 and 4*3 
pent, respectively came from Kphat and Ma-hdi, 
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Table ‘Production oj Pock-Salt during the ytats i 8 ^% to /ppj. 


Yea*. 



SaltRange, 

Punjab. 


Tons. 

91,117 

91,488 

% 

8i,S34 



Tons. 

1722J 

‘7.693 

» 

14.900 


•91,816 •14,5,65 


87.426 

90,736 


Sp,02J 


Per cent, of Average Total . 81*2 


14.674 

15.598 


Mand 

State 


Tins. 

4.754 

4,621 
4,12a 
' 4,84s 
5.152 

4-554 


TOTAL. 

Perotnt- 
age of total 
mU pro¬ 
duction of 
India. 

Tons. 


113,094 

11-4 

113,802 

‘*•3 

100,536 

10*0 

II 1 A 26 

10-1 

107,252 

103 

110,888 

‘ 3-5 



The chief deposits of rock'Salt are in the so-called Salt Range of the 
Punjab, where the seams of salt and included 
sltJ*** *«“*« 6«P®* niarl partings have, where worked in the Mayo 
* * mines at Khewra, an aggregate thickness of 550 

feet, of which five seams of pure salt make up 275 feet, the rest, known 
as kolar, being too earthy and impure to be marketable. These beds 
occur in a formation lying directly underneath beds of Lower Cambrian 
age, but it is suspected that they may be of Lower Tertiary age, like 
the other salt deposits of this part of India, and that they have arrived 
in their present apparently anomalous position by an overthrust of the 

older fossiliferous beds. j* * • ♦ 

Mining for rock-salt is carried on in the Mayo mines, Jhelum district, 
the Warcha mines in the Shahpur district, and across the Indus at 
Kalabagh. The rock-salt in this area varies from white to bnck-red in 
colour and thus differs in colour from that of the Kohat area. 

The most important of the mines in the Salt Range 

mines near Khewra (32® 39 ; 73 11 * ' 

The May. mioee. galt-quarrv ing was practised for an unknown period 

before the time of Akbar, and was continued in a primitive as ion 

C 2 
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until it came under the control of the British Government with the 
occupation of the Punjab in 1849. In 1872 the system of mining was 
reorganized, and the work now in operation was planned out by Dr. 
H. Warth, late Deputy Superintendent, Geological Survey of India.^ 
The rock-salt being raised in the Mayo mines has, on account of 
its parity, a wide distribution. A recent analysis of one of the seams 
gave the following results 
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The Warcha mine. 

About two miles 

Kalabach qaantea. 


In the Warcha mine, Shahpur district, the seam of rock-salt being 
worked is 20 feet thick, with a one-foot parting of 
marl, dipping 30° to the N. N. W. 

E.N.E. of Kalabagh on the Indus, rock-salt is 
worked in open quarries on the east slope of 
Sandagar hill. 

The rock-salt raised in the ff/r-Indus mines and Kalabagh quarries is 
principally consumed in the Punjab and North- 
** West Frontier Province. During the past six 

years the average annual sales in these provinces 
amounted to 70,964 tons, or 82*3 per cent, of the total. In the same 
period the rock-salt sent to the United Provinces averaged 10,049 tons a 
year, or 11*3 per cent., whilst as much as 57 per cent, of the total sales, 
or an annual average of 4,933 tons, reached as far as Behar, and small 
consignments of about 10 tons a year were despatched to Lower Bengal. 
The average annual amount of 580 tons which entered Sind formed 07 
per cent, of the sales for the years 1897-98 to 1902-03. 

The Kohat salt is grey in colour with transparent patches. It is 
worked in open quarries, and the masses exposed 
may be regarded as practically inexhaustible at 
the present rate of output. In the anticlinal at Bahadur Khel, where 
the salt is seen to be at the base of Tertiary system, the beds can be 

* For detailed description, see ** Report on the Inspection of the Mayo Salt 
Mine,*' by J. Grundy, 1898, pp. 13-18- 


Kohat qaarries. 
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traced for a distance of about eight miles, with an exposed thickness 
of over 1,000 feet. 

In Mandi State, rock-salt is worked in open quarries near the faulted 
M di ^ri ,| junction of the Tertiary and the older unfossilifer* 
" ous rocks at Guma and Drang. The Mandi salt 

is of a dirty plum-colour, containing, earthy impurities which bring 
down the available sodic chloride to 6o or 70 per cent. 

With low freight-rates from Europe, large quantities of salt are im¬ 
ported, especially into Bengal and Burma, against 
the competition of the domestic produce. The 
salt imported during the six years under review 
averaged 433,754 tons per annum, of which 56*1 per cent., as shown by 
table 47, came from the United'Kingdom, the remaining supplies being 
obtained, in order of average quantity, from Germany, Aden, Arabia, 
Egypt, and Persia. The average annual value of the salt imported 
during the six years was ^^456,263. 


Imports aod origin of 
Foreign salt. 


1 ABLE .47.— Origin of the Salt imported during the years iSgj-gS to 

igo 2 - 03 . 


Imported from 

Average annual 
quantity im' 
port^. 

Per cent, of total. 


Tons. 


United Kiagdom. 

243,216 

56*1 

Germany. 

56,928 

13*1 

Aden • • . , , 

49.350 

11*4 

Arsbm • !•••«•• 

42,887 

9*9 

Egypt . 

28,377 

6-5 

Persia. 

12,441 

2*9 

Other Countries. 

555 

0*1 

Average Tgtalfor the years IgPT-W—1902*03 . 

433.754 

lOO’O 


The amounts talcen by the different provinces maintained a fairly 
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constant ratio throughout the period, with the following yearly 
averages:— 


Imported to Bengal . 

• 

a a a 

389,376 tons 

n 

Burma 

• 


43>978 » 
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m m 9 
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„ Madras . 
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M Sind • 


• a • 

Total 

49 » 

• 433*754 »* 


Trans-Frootler 
porta and Exports< 


Ini' 


Of the average annual amount imported, therefore, 89*8 per cent, 
entered India through Bengal. The distribution of foreign salt in 
India in competition with the chief sources of production is reviewed 
in the annual reports of the various Salt Departments. 

Snlall quantities of salt are also imported across the land frontier, 
coming in with borax mainly from Tibet. During 
the years 1898 to 1903 these imports averaged 
1,476 tons annually, of which 1,416 tons came 
from Tibet. At the same time considerable quantities of Indian salt 
were sent across the frontier. The average annual export in this way 
during the six years J[under review amounted to 41,170 tons. The 
principal fractions went to Nepal (12,943 tons) and into Kashmir 
(11,234 tons). 

Saltpetre. 

For the formation of saltpetre in a soil the necessary conditions 

Cttiillthnf eiseotial supplies of nitrogenous organic matter, 

for tke lomation of (2) climatic conditions favourable to the growth 
saltpetre. action of Winogradsky’s so-called nitroso and 

nitro bacteria, converting urea and ammonia successively into nitrous and 
nitric acids, (3) the presence of potash, and (4) meteorological condi-. 
tions suitable for the efflorescence of the potassium nitrate at the 
surface. An ideal combination of these necessary circumstances has 
made the Behar section of the Gangetic plain famous for its production 
of saltpetre. 

In this part of India we have a population of over 500 per square 
mile, mainly agricultural in occupation, and thus accompanied by a high 
proportion of domestic animals, supplying an abundance of organic 
nitrogen. With a mean temperature of 78° F., confined to an annual 
range of 68°, and. for a large part of the year, when the air has a 
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humidity of .over 80 per cent., with a diurnal range not exceeding 8? 
above or below 84® F., the conditions are unusually favourable for the 
growth of the so-called “ nitrifying ” bacteria. 

With a population largely using wood and cow-dung for fuel, the soil 
around villages naturally would be well stocked with potash; and 
(inally, wdth a period of continuous surface desiccation following a small 
rainfall, the sub-soil water, brought to the surface by capillary action in 
the soil, leaves an efflorescence of salts, in which, not surprisingly, 
potassium nitrate is conspicuous. Under these conditions Beharhas for 
many years yielded some 20,000 tons of saltpetre a year. 

The system of manufacture has been very frequently described in 
detail,! and consists essentially in dissolving out the 
System of muiafactare . galig contained in soil around villages, and 

effecting a first rough separation of the two most prominent salts ■ 
sodium chloride and potassium nitrate -by fractional crystallization. 
The impure sodium chloride is consumed locally, whilst the saltpetre is 
sent to refineries for further purification before export. 

The returns for production are so manifestly imperfect, being con¬ 
siderably below the amounts of export, that the 
Prodactlon and export. fignrtts must be taken as the only index, 

though still an imperfect one, to the extent of the manufacture. The 
export figures for the past six years are given in table 48, showing an 
average annual export of 382,353 cwts., valued at £262,592. 

T^re is no definite directional change indicated by these figures, 
but a comparison with the returns for the past 20 
Variaffona io exports. ^^leve has been only a slight reduc- 

tlon in the amount of exported saltpetre, in spite of the 
where of large deposits of sodic nitrate, now *>e;ng largely conned 
in America, of variations in tariff, and of wholesale chants n the sub 
stances used for manures and for the manufacture of e>P ^ 
the six years 1878—1883 the average quantity .o' ^ 
amounted to 405,5*8 cwts. a year, whilst for ^ 

later, namely. 1888 to '*93.‘he average annua «p j 

cwts. The highest Civil War from 

£900,000 a year, occurred at the time constituent of 

i860 to 1864, but saltpetre, was then an essen 
explosive! and India had almost a monopoly of supplie.. 

. G. wxth Gic«,..ry <4 the Pr.4«ti o'f »>• V. P- ", ^ *»• 

literature qtioted. ' 
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Table 48, —Total Exports of Saltpetre during the years s8gy-g8 to 

igos-03.(a) 


Ybar. 

Quantity. 

Value. 

Value per 
cwt. 

* 

Cwts. 

Metric tons. 

1897*98. 

417,788 


£ 

265,831 

Shillings. 

12-73 

1898-99. 

365.256 


232,896 

12-75 

1899-00. 

397,402 

ao,i8g 

956,210 

15-16 

1900-01 ..... 

348,636 

17,7 it 

294,249 

16-88 

1901.. 

354,412 

zSfiOS 

237,880 

13-42 

1902-03. 

410,626 

20,861 

988,487 

14*05 

Aw*age , 

3 Sz, 3 S 3 

19,424 

262,592 

1573 


(a) Includes exports across the frontier which averaged 3S0 cats,, due mainly to 2,233 cwts. 
sent into Kashmir in igoo. The saltpetre sent across the irontier seldom exceeds a ton per 
annum. 


Dietrlbotton of exported 
Mltpetre. 


There have been various changes amongst the consumers of small 
quantities, amounting altogether to about 20 per 
cent, of the total, but the quantities sent annually 
to the three larger markets, United Kingdom, 
United States, and Hong Kong, amounting to 80 per cent, of the total, 
have remained fairly constant. 

Calcutta is still, as it always has been, the chief port through which 
saltpetre leaves India, the exports through 
Calcutta, during the pericd under review, having 
amounted to 98*5 per cent. <4 flic total. Of the 
remaining small amount exported, 1*2 per cent, left via Karachi. The 
average annual exports from the different provinces have been as 
follows during the years 1897-98 to 1902*03 • 


ProTfaiclal sham 
the exports. 


Bengal 
Conway 
Madras 
Sind . 


376,954 cwts, 

930 » 

61 „ 

4,728 „ 


Total 


• 381,973 


99 
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The Calcutta supply is obtained mainly from Behar, as shown in 
table 50* which has been compiled from returns published each year 
by the Commissioner of Northern India Salt Revenue. 


Table 49* Average Dtstrthutton of Saltpetre exported by Sea 
during the years t8gy-g8 to jgos-oj. 


Exportbo to 

United Kingdom • 

Hong Kong 
United States • 

Mauritius . . • • 

France . . . . < 


Average annual 
quantity. 

Per cent, of 
average total. 

Cwts. 


117,126 

30'7 

98,320 

357 

91,790 

2^0 

24,070 

< 5-3 

88.753 

0*0 


Struts Settlements . • • • . 

Ceylon ••••••> 

Japan ••••••• 

Other Countries ..... 

Average Total for the yean 1897*98—190Z-<I3 


10,013 

7,569 

5.827 

5,107 

381.973 



Table 50 . —Average Annual Imports of Saltpetre into Calcutta 
for the years i8gy-g8 to igo2-03, 



Behar • . . * . 

United Prownces . 

Punjab • • • . 

Rajputana and Central India 
Lower Bengal . . • 


Average annual 
quantity. 


Cwts. 

£30,120 


Average Total 


113,680 
44,300 



Per tent, of 
average total. 
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Only very small quantities of saltpetre for chemical and medicinal 
_ „ « . * purposes are imported into India by sea, but a 

considerable quantity comes from Nepal. During 
the past six years the imports from Nepal have averaged 9,417 cwts. 
with considerable yearly variations, as shown below :— 


Saltpetre imported from Nepal. 


1897-98 


• • 

• 

# 

. 9,308 cwls. 

1898-99 

• 

• • 

• 

• 

. 12,836 *„ 

1899-00 


» • 

• 

• 

• •S.SSS » 

1900-01 

• 

• • 

• 

• 

• 4.590 .. 

lgol-02 

• 

• • 

• 

• 

* » 

1902-03 

• 

• • 



• 2,758 „ 



Annual Average 

• tt 


As the total annual imports of saltpetre averaged only 9,430 cwts, 
during the six years under review, the contribution from Nepal was the 
only one of importance. The annual values returned for the total 
imports give an average of ;£5,8i6, or of 12*34 shillings per cwt.' 

• • 

Tin. 

Tin has a wider distribution than is generally recognised, and its 

minerals are often overlooked through the 

UowMked occorreDces. ... , ..i. , 

dimculty m distinguishing them from other heavy 

minerals. Isolated crystals of cassiterite have been found recently in 

pegmatites associated with gadolinite in the Palanpur State,’ whilst in 

the Hazaribagh district of Chota Nagpur instances have been recorded 

of the accidental production of tin from river sands by the native iron 

smelters, in addition to the recorded occurrences of ores in situ. The 

principal deposit, which has either been wrongly described or has 

received less attention than it deserves, occurs in the Palganj estate 

near the Barakar river. 

The only persistent attempts made to'work tin havd been in Burma, 
where cassiterite 4 s obtained by washing river 
ortced depoB ts. gravels in the Bawlake^ State, Karenni, Southern 

Shan States, and in the Tavoy and Mergui districts of South Burma. 
The work done on these deposits 'hitherto 'has 'been, however, on a 


' Rcc. Geol. Surv. Ind., xxxi, 1904, 43. 
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smaller scale than might be expected from the favourable reports 
which have been made as to their extent and richness. Table 51 
shows the amounts of tin-ore raised during the years under review in 
Tavoy and.Mergui, but the returns are probably approximate only, and 
no returns are available for Upper Burma The average for the period 
has been 1,645 (82 5 tO”s) valued at £6,876. 


Table 51. —Production of Tin-ore in South Burma. 



1 


Total. 

Year. 

TavOy. 

Mergui. 

i 

- -- 




Quantity. 

Value. 


Cwts 

Cwts. 

Cwts. 

£ 

1898 ••••«•• 

... 

780 

780 

2,553 

1899 ....... 

14 

1,408 

1,422 

7,900 

I|pOO •••«•■• 

'9 . 

. 2,059 

2,078 

8,534 

1 ^0 !•* • • • • •,« 

221 

1.372 

1.395 

• 7,773 

••••••# 


>.9;o 

1,995 

5,340 

19^3 ■•••••• 

34 

2,164 

2.198 

9, >53 

Average 

10 

i,626 

i,«4b 

6.S76 


The metal is exported mainly in the form of block tin, almost 

all of it going to the Straits Settlements. This, 
Exports of block tin. during the years 1897-98 to 1902-03, averaged 

661 cwts. a year, as shown in table 52. 

The tin exported from Burma is a small quantity compared to the 
requiremfents of the country. • Table 53 shows the 
Imports of block tin. amounts of foreign unwrought block tin which 

have been consumed in India during the period under review, .and in¬ 
addition to these quantities, smaller quantities of tin-plates are im¬ 
ported. By far the largest quantity of block tin imported into India 
comes from the -Straits Settlements. Out of the average total of 
26,867 cwts., the quantity coming from the Straits averaged 25,407 cwts. 
per annum. A curious feature connected with the imports is the fact 
that the quantities, of foreign tin imported have not increased since 
statistics of weight were first recorded in i 875 ’ 7 ^' that year the tin 
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imported w£u» reported to amount to 36,159 cwts., of which 31,479 cwts. 
came from the Straits. 


Table ^2.^Exporis of Burmese Block Tin for the years rSgf-gS 

to s go2-03. 


Ybar. 

Quantity. 

Value. 







Cirts. 

£ 

1897*98 

• 

• 

• 

• « 


906 

2,816 

<898-99 . 

• 

• 

• 

• • 


810 

a,8(^ 

1899*00 

• 

• 

• 

• • 

* 

7S7 

4.613 

1900*01 

• 

• 

• 

• • 

• 

534 

3.08 

1901*03 

• 

• 

• 

* • 

• 

455 

2,574 

1902-03 . 

• 

• 

• 

• 

• 

50a 

2,88> 





Average 

• 

66t 

SJ44 


Table ^‘^.—Consumption oj Foreign Block Tin in India. 


Ybar. 

• 

Imports. 

Re-exports. 

CoMomptloa. 

Quantity. 

Value. 

1897*98 .... 

Cwts. 

38,483 

£ 

« 46 ,S 54 

Cwts. 

1,609 

Cwts. 

36374 

1898*99 .... 

29,099 

110,667 

1.396 

27 ,m 

1899*00. 

17.292 

91,525 

2.473 

14319 

1900*01 .... 

23,591 

146.135 

8,634 

19,967 

1901-03 .... 

25,907 

156,213 

1.853 

24,164 

2903*03 • a • • 

27,830 

169,731 

1,495 

26,386 

Average 

26,867 

130,804 

*,908 

24,950 
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As regards the prospects of tin-mining in Burma, it may be worth 

lies in a belt connecting Yunnan, the south-west 
province of China, in which tin-mining is said to support a large popula¬ 
tion,^ and the well known tin-ore deposits of the Straits Settlements to 
the south, from which, in 1903, 54 per cent, of the World’s supply 
of tin was obtained. 

At the same time, it should be kept in mind that the tin-ore of the 
Straits has been obtained entirely from alluvial deposits, and that the 
ore found in lodes has always turned out to be too poor to work. 
The rapid rate of rock denudatiop in the wet zone of the tropics is 
responsible for the fact that rich alluvial deposits may accompany poor 
lodes, and consequently the occurrence of tin-ore in the sands and 
gravels of Burma does not warrant the hope that workable lodes will 
be found before the placer deposits are exhausted. That rich placer 
deposits exist of sufficient magnitude in Burma also does not necessarily 
' follow from the fact that there is a continuity in the solid geology; 
the existence of a placer deposit is but a temporary accident in the 
geological history of a country, and each one must be gauged for itself. 


* A. Leclftre. Exploration g^ologique des Provinces chinoises voisines du 
Tonkin. C. /?., tgeme Session, Assoc. Fr., 1900, ii, 916-926. Abs. Trans. Inst. 
Mining Engineers, XXll, 1901-02, 715. 
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IV.-MINERALS OF OROUP II. 

-♦- 

Alum and Aluminium-ore. 


T he separation of the sulphate of alumina from decomposed 
pyritous shales, and the preparation of the double sulphate of 
alumina and potash, by the introduction of nitre or wood-ashes, was 
formerly an important industry in a few places, and, on a smaller scale, 
was practised at numerous places in India. But the importation of 
cheap alum, principally from the United Kingdom, and its wide dis¬ 
tribution by the gradually extending network of railways, have now 
nearly killed the native industry. Table 54 shows that during the past 
six years the consumption of foreign alum in India has averaged 66,086 
cwts. 

Table Consumption of Foreign Alum in India. 



^o returns are available to show the amount of production in India. 
Near Kalabagh, on the Indus, considerable quantities of a pyritous 
shale are extracted for this purpose, but the mining is carried on in 
an irregular, fitful way, and the returns are probably mere rough 
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estinia.tes. In 1898 the output was reported to amount to 750 tons, 
valued at ^^3,150, but no returns are available for 1899 and 1903. In 
iQoi and 1902 the production was reported to be 98 and 112^ tons 
respectively. 

India possesses a possible asset of great value in the deposits of 
Bauxite. laterite which cover considerable areas in the 

Peninsula and Burma. On account of their com¬ 
monly rusty colour, and on account of the fact that locally the native 
smelters, content with a poor ore, have employed laterite as a source of 
iron, the only chemical work done on laterite was formerly devoted to 
a determination of its content in iron. It has only recently been 
ascertained that many of the deposits contain large quantities of 
alumina, and are in all essential respects identical with . the substance 
known as bauxite, which is now the chief source of aluminium. It is 
a curious coincidence that for a long time the original bauxite of Les 
Baux*was, like laterite, first worked without success as a source of iron. 

It is difficult at present to fully estimate the value of this discovery, 
as a deposit of laterite, which would ordinarily be regarded as small 
and of little consequence, contains enough alumina in some of the 
instances examined to completely swamp the market of bauxite, of 
which the World’s total production is at present little more than 
110,000 tons a year. Without any disturbance of present prices, the 
aluminous laterites would hardly pay, at the ordinary rate for first class 
bauxites of 21 to 22 shillings a ton, to mine for export to Europe and 
America, and they must consequently be utilized for the extraction of 
alumina on the spot, either for export as such, or for the manufacture 
of aluminium in the country. To prepare the alumina from the bauxite 
(or laterite) would, according to the most recent processes, require the 
use of caustic soda, which is not at present made in the country. But 
one of the latest successful processes for the manufacture of caustic 
soda involves the separation of chlorine (from which bleaching powder 
is prepared) by the electrolytic decomposition of dilute brine, and as 
both caustic soda and bleaching powder are now largely imported for 
use in paper* making, there would be a market for both, apart from 
the requirements of alumina manufacture. 

Amber. 

The returns for amber show the irregularities which might be 
expected of an industry conducted in a casual fashion. by the 
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half-civilized inhabitants of an unadministered .'area. The following 
table (table 55) shows the estimated production for the six years under 
review 


Table $$.'^Production of Anther in the Myitkyina District^ 

Upper Burma. 


Year. 

Quantity. 

Value. 





Cwts. 

£ 

1898 

• • 

• * • • « 

• 

114 

1,0$I 

1899 

• • 

• » • • • 


20 

*S* 

igoo 

• • 

• • • • • 

• 

9 

103 

1901 

• • 

• ■ • • • 

• 

97 

(a) n 

190a 

• • 

* • • • • 

• 

30 

433 

1903 

• • 

• • • • • 

• 

37 

414 



Average 

• 

5/ 

36i 


(a) Poor qualities only raised for medicine in 1901. 


Occurrence. 


The Burmese diggings for amber are situated in the Hukong valley 
in the Nangotaimaw hills near Lalauhg village 
at about lat. 26° 10' and long. 96°. The sub¬ 
stance is found in clays of probably miocene age, and fragments of 
amber have been similarly found in association with beds of this age 
in other parts of Burma, for example, at Mantha in the Shwebo district, 
and on the oil-field of Yenangyat in the Pakokku district. Most of the 
material is brought from the Hukong valley in Upper Burma to 
Mandalay, where beads for rosaries, nadaungs (ear-cylinders) and 
other trinkets for personal ornament are made from the transparent 
varieties. 

The amber of Burma differs in chemical and physical characters 
from previously known varieties, and the name 
prop^c^ burmite has been consequently suggested for it 

as a specific distinction.^ The well known amber 
of Eastern Prussia contains from 2 ^ to 6 per cent, of succinic acid, and 


* O. Hdm, Records, GeoU Surv, Ind,, xxv, 180 (1892), and xxvi, 61 (1893}. 
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is «iiseq«ti.ay known to the minerdogist as succinite, but the Burmese 
ambn contains no ^cinic acid, though the products of its dry distillation 
include formic acid and pyrogaUoI. lu ultimate chemical composition 
has been determined to be as follows:_ 


Carbon . . 

Hydrogen 

Oxygen . 

Sulphur . 

*••*... 80*05 

.. 

.. 

• * • • . . . o’oa 


100*00 


The specific gravity of burmite varies between 1030 and 1*095. It 
is distinguished from many other amber-like resins by its superior 
hardness and greater toughness, which render it fit for carving and 
turning. It possesses a peculiar fluorescence, like that which distin¬ 
guishes the Sicilian variety simetite. 

Apart from the occurrence of a large percentage of discoloured 
and opaque pieces, many of the large fragments obtained are damaged 
bv cracks filled in with calcite; but otherwise there appears to be a 
large quantity of material which might be put on the market with 
profit. At present it is said to be unable to withstand the competition 
of imported Prussian amber, even in the Mandalay bazar, and the 
market has to a certain extent been depressed by cheaper foreign 
material and by an artificial substance re-made from 'amber chips. 

Antimooy. 

Prospecting operations for antimony-ores, amongst which stibnite 
is the most prominent, have been carried on in South Burma, and in 
Lahoul, where a large deposit occurs near the Shigri glacier. The 
latter occurrence is included in a mining lease recently granted, and an 
attempt is about to be made to mine the ore. 

Much of the material sold in the bazars under the name surma 
includes galena as well as antimony, and the word has the same wide 
significance which the term black lead once possessed. 

Arsenic. 

Details with regard to the production and use of Indian arsenic 
«u:e not available, but there has been a considerable ^trade in both 
Indian and foreign arsenic, presumably in the form of the white 
oxide. 


H 
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Table 56 shows the extent of this trade for the period under 
review, but does not include the trade in orpiment, which is shown 
separately* 


Table $6,—^Average Annual Exports and Imports of Arsenic for 


'the years 

/ 5 py-p<y to igoa-03. 


———— 

Quantity. 

Value. 




Cwts. 


Exports of Indian Arsenic — 





To Straits Settlements 

0 e 

e 

308 


„ Other Countries . 

0 0 

e 

26 



TOTAL 

m 

334 

;f 525 

Imports Foreign Arsenic — 





From the United Kingdom . 

e 0 

0 

421 


„ „ Germany 

• 0 

0 

829 


II 11 China • • « 

e • 

0 

909 


^ II Straits Settlements 

0 t 

0 

99 


1, II Other Countries • 

* • 

e 

88 



TOTAL 

0 

2,346 

3,110 

Re^erport of Foreign Arsenic 

« 0 

• 

tit 



Orpiment, the yellow sulphide of arsenic, is largely imported into 
* Burma from Western China for use mainly as 

a pigment. During the six years 1897-98 to 
1902-03, the average annual imports across this frontier amounted 
to 9,551 cwts., at an estimated value of 11,470, or 24 shillings per 
ewt. The last three years I^ave shown a decided increase in the trade, 
with, however, an average, reduction in the price per cwt. (see 
table 57). 
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Table Imports oj Orpiment from Western China, 



Ybab. 



Quantity. 

Value. 

Value per 
cwt. 





Cwts. 

£ 

Shillings. 

1897-98 . 

• • 

• 

• 

3 »i 65 

4.534 

28-65 

1898-99 . 

• • 

• 

« 

* S,2S3 

7.523 

28-64 

1899*00 . 

• « 

• 

« 

8,712 

11.582 

26*59 

1900*01 .. 

• • 


• 

12,075 • 

14,822 

24-55 

1901-02 . 

• • 

■ 

• 

17,368 

21.195 

24-55 

1902-03 . 

• • 

• 

• 

10,831 

9.163 

• 

16*92 


Average 

• 

9>SSt 

1 

• ",47t> 

24-02 


•The mineral is used as a pigment in thp manufacture of Indian 
ornamental lac-wares and the Burmese lacquer-work, in which the 
favourite greens of the Pagan workers are produced by mixtures of 
indigo and orpiment, and the so-called gold-latquer of Prome by 
powdered orpiment and gum. It is used also for the designs on the 
Afridi wax-cloths.* 

Asbestos. 

Asbestos has not yet passed beyond the prospecting stage in India, 
although attempts have been made, during the past three or four 
years, to work the occurrences in Merwara, Rajputana, Garhwal in the 
United Provinces, and Hassan in Mysore. 

Borax. 

No undoubted occurrence of borax is known within British Indian 
territory, and the material exported, which, during the last six years, , has 
averaged annually 4,481 cwts., of a value of £6,^jo {table 58), is 
practically all obtained from Tibet, being imported across the frontier 
into the Punjab and United Provinces, The word tincal, by which it is 
known in the bazars, is possibly a corruption of the Tibetan name for 
borax, and is in common use on the Punjab frontier, where one meets, 

* G. Watt, Indian Art at Delhi, 1903, pp. 21 731. 
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in the Himalayan passes, herds of goats and sheep coming down in the 
spring from Tibet, each carrying two small bags of borax or salt to be 
bartered for Indian and foreign stores. 

Table Exports of Borax hy Sea from India during the years 

rSgf-gS to 1902^03. 


Ybak. 

* 

Quantity.' 

Value. 

Value get 
cwt. 

Cwts. 

Uetric ions. 




£ 

Shiliini^. 

1897-98 .... 

3 .fi 24 

tS4 

4.339 

23-95 

1898-99 . . . , 

4.999 

254 

6,429 

25-72 

1899.^0 . . . . 

4.40s 

324 

6,304 

28-62 

1900.01 > . . . 

3,190 

162 

5,020 

31-47 

1901-oa .... 

S,666 

288 

8,594 

3034 

1902.03 .... 

S,ooa 

224 

7.534 

30-12 

Average 

4,4^1 

228 

6,370 

2843 


In addition to the borax sent by sea to foreign countries, small 
quantities cross the frontier into Nepal, Kashmir, and Kalat. During 
the six years, 1897-98 to 1902-03, these trans-frontier exports of borax 
have averaged 23 cwts. a year, with an average total value of Rs. 377 
(/»25) or R.s i6'4 {22s.) per cwt. The export trade has very seriously 
declined. Twenty years ago the borax sent out of India amounted to 
over 16,000 cwts. a year, valued at £24,000. At that time the principal 
part of the material exported went to the United Kingdom (141I34 cwts. 
in 1883-84), but with the discovery of large deposits of calcium borate 
in America the demand for borax from India ceased, and now the only 
large customers are in the Straits Settlements and China, the latter 
having taken 3,827 cwts., and the former 468 cwts., of the average 
annual total of 4,481 cwts. exported. 

The amount of borax imported into India across the frontier has 
averaged (as shown in table 59) 21,955 cwts., of the value of £1713691 
adding to this the small quantity of refined material imported by sea, 
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namely, an average of 214 cwts., it is seen that the consumption in 
India has averaged 17,655 cwts. per annum during the years 1897-98 
to 1902*03. 


Table ^gm-^/mports of Borax by Land during the years to 

i go 2^0 3. 


Year. 

Quantity. 

Value. 

Value per cwt. 


Cwts. 

£ 

Shillings. 

1897-98. 

IS.273 

12,097 

»S’84 

1898-99. 

16,564 

*3.053 

1576 

1899-00. 

20,315 

16,424 

1617 

1900-01. 

18,6a I 

*So6s 

i6-i8 

1901-03. 

3*,o8s 

24,096 

15-50 

1903-03 ...... 

29,874 

23,483 

1572 

Average . 

j 

3t,9S5 

t7,369 

15-87 


Of the amounts brought across the frontier, and shown in table 59 
to have an annual average of 21,955 cwts., 1,117 cwts., or 5‘i per cent., 
came from Ladakh, whilst 20,831 cwts., or 94*9 per cent., came from 
Chinese Tibet. 

The borax obtained in the Puga valley of Ladakh, Kashmir, is 
deposited from hot springs, associated with sulphur deposits, which 
probably represent the final phase of declining volcanic action. The 
material collected in Tibet is obtained from salt lakes, which have 
possibly obtained their borax in a similar way from hypogene sources. 
In other parts of the World, as in California, Argentina, Bolivia, and 
Chile, deposits of calcium borate, colemanite, are worked for their 
boracicacid, besides the borax of salt lakes and marsh deposits. In 
Italy borax is obtained from volcanic fumaroles. 

Buildiflg-Stone. 

If the extent of the nse of building materials could be expreswd by 
any recognised standard, it would form one of the cst gui es 
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industrial development of a country. The attempt made to obtain 
returns of building-stone, road-metal and clays used in India was 
abandoned when it was shown in 1899 that the returns, could not 
possibly rank in value much aboye mere guesses. The same remark 
might possibly apply to any other country, where figures are regularly 
reported, though they are of little value for comparative purposes on 
account of the varying systems of making estimates. 

In the United Kingdom, where land is generally sufficiently value- 
able to cause an increase of depth in quarrying to be less expensive 
than horizontal extension, a large proportion of the quarries come under 
the control of the Mines Acts, and regular returns for production are 
consequently available ,* but in India there are only a few quarries of more 
than 20 feet in depth, and the returns from them represent an unimpor¬ 
tant fraction of the total amount of material which is being raised all over 
the country for public works of all kinds. For the present, therefore, 
we must be content with a general statement to represent the changes 
from one period to another. 

In the absence of statistics, it is difficult to express shortly the trade 
in material so widespread as common building-stone. There are, 
however, a few features which are specially developed in, if not 
peculiar to, India. In the southern part of the Peninsula, various 
igneous rocks—the charnockite series near Madras, and the gneissose 
granites of North Arcot and Mysore—are largely used ; in the centre, 
slates and limestones from the Cuddapah series, and basalt from the 
Deccan trap-flows are largely used. In Central India, Central and 
United Provinces, the great Vindhyan system provides incomparable 
sandstones and limestones, whilst in Bengal the Gondwana sandstones 
are used on, and within easy distance of, the coal-fields. 

The abundant development of concretionary carbonate of lime in 
the great alluvial plains, and the extensive development of laterite on 
the Peninsula and in Burma are dependent, in their more pronounced 
forms, on conditions peculiar to tropical climates, and these two sub¬ 
stances, the so-called kankar and laterite, are about the most valuable 
assets in building material possessed by the country. 

The three great physical divisions of India, being the result of three 
distinct geological histories, show general contrasts in the materials 
available for simple as well as ornamental architecture. In the great 
alluvial plains, buildings of importance are naturally most often made 
of brick, but the margins on all sides admit of a certain inward 
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diffusion of stone, which has been extended by increased facilities for 
transport. In this respect it is interesting ‘to see that at last the 
monotony of brick buildings in Calcutta is being relieved by the 
introduction of the Vindhyan sandstones of Mirzapur, and' the 
calcareous freestones and buff traps brought from the west coast. 
But the use of Italian marble, mainly for floorings, and, in a smaller 
way, the introduction of polished granite columns and blocks from 
Aberdeen and Peterhead, have been persisted in mainly because these 
materials, which are no better than, and possibly on the whole inferior 
to, those of Indian origin, are placed on the market in a manner 
suitable to the immediate requirements of the builder and architect. 
It is thus not because of the dearth of natural resources, but it is on 
account of the want of enterprise, that Indian ornamental building 
stone is less used in the chief cities. 

During the six years under review the stone and marble imported 
from foreign countries into India had an average annual value of 
' ;Ci 9,848, and of this amount the value of marble from Italy was £10,22 1, 
or 51*5 per cent, of the average annual total. It is naturally surprising 
to find that a country which owes its reputation for architectural 
monuments as much to the fact that it possesses an unlimited supply 
of ornamental building stone as to the genius of its people, is 
dependent on foreign supplies to the extent indicated by these import 
returns. It can hardly be an accident that each dynasty, which has 
existed in India since the wonderful Buddhist topes of Sanchi and 
Bhahrut were erected, has been marked by the erection of great 
monuments in stone, and there can be little doubt that the abundance 
of suitable material has been an important contributory cause in the 
growth of India’s reputation for architecture. 

A recent development of importance has occurred in quarrying the 
nummulitic limestones of the Khasia and Jaintia hills, partly for use 
in the manufacture of lime or for use as simple limestone, and partly 
for the manufacture of cement near Calcutta. In 1898 the amount 
of limestone quarried in this district was estimated at 61,105 tons, but 
considerable fluctuations were shown in subsequent years with a general 

improvement to 88,675 tons in 1903. 

For some of the quarries in Lower Vindhyan limestone near Katni, 
which have come under the control of the Indian Mines Act, returns 
are available since 1901, when the quantity raised was 2 ,000 tons, 
loUowed by 30,091 tons in 1902, and 35 » 23 ^ I-®**® 
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of Upper Vindh^an age is being worked near Sutna by a joint stock 
company, but much of the material is carried by rail a distance of 
530 miles to the Barakar Iron Works, where it is used as a flux in 
the blast furnaces. 


Chromite. 

Chromite is known to occur with the peridotites of the Chalk hills 
near Salem, in the Andamans, and in Baluchistan. Attempts were 
made long ago to work the deposits near Salem, but nothing has been 
done since. In Baluchistan the ore occurring in the Pishin and Zhob 
districts is being opened up for export, the output for the first year of 
work, 1903, being returned as 284 tons. Larger quantities are now 
being raised, the amount for the first half of 1904 being 1,816 tons. 

Clays. 

No statistics approaching any degree of completeness are obtain¬ 
able to show the extent of the undoubtedly great industrial value of 
the clays in India. They include the common clays used all over the 
country for the manufacture of bricks, tiles and the cheaper forms of 
pottery; finer varieties used for glazed pottery, which in places has 
obtained a reputation for artistic merit; fire-clays raised in consider¬ 
able quantities on some of the Gondwana coal-fields; and fuller’s earth, 
which is mined in the Central Provinces and in Rajputana. 

The imports of materials coming under this head show that there 
is room for the development of the raw materials which are suitable 
for the manufacture of articles required in a modern civilized com¬ 
munity. In 1903 the value of earthenware and porcelain imported 
amounted to £187,390; of earthenware piping, ^£6,659; of clay, £6,186; 
and of bricks wd tiles, £38,618. 

Copper-ores. 

Copper was formerly smelted in considerable quantities in South 
India, in Rajputana ahd at various parts of the outer Himalayas where 
a killas-like rock persists along the whole range, and is known to be 
copper-bearing in Kulu, Garhwal, Nepal, Sikkim, and Bhutan. Native- 
' made copper has, however, completely given way to the imported 
material, and all attempts by European companies to open up the 
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deposits have proved to be unsuccessful so far. Mining leases are still 
held, and prospecting licenses frequently granted for copper-ores. The 
Indian purchases of copper and brass form a sensible item in the 
imports of metals. During the six years under review the average 
annual -value of copper imported was £813,701, whilst during the last 
three years the copper imported was valued at over a million sterling 
per annum. 

Corundum. 

The use of abrasives in manufacturing communities seems to be on 
the increase, and new forms are being put on the market yearly. 
Emery formerly served most requirements, until purer forms of 
corundum were discovered in quantity. The cheaper forms of garnet 
have long been used to adulterate emery, and members of the spinel 
family, like hercynite, have been used inadvertently as such. During 
tjie last ten years carborundum, manufactured by the cheap electrical 
power developed in America, has come into use, the production of the 
United States having now reached about i ,700 tons a year. Artificial 
corundum is also being manufactured from bauxite at Niagara, and 
crushed steel i.s being used to an increasing extent. 

Natural corundum has thus many competitors in the market of 
abrasive materials, and as a large portion of the alumina in igneous 
magmas is necessarily used up during the processes of consolidation by 
the silica and bases present, it is theoretically unlikely that the free oxide 
can exist anywhere in an abundance comparable to the vast quantities 
of combined alumina in the earth’s crust. In most cases the corundum 
is scattered as isolated crystals through the rock, and only the most 
economical devices for its separation can make mining remunerative. 

In India, where the use of corundum by the old saikalgar{axmoMTeT, 
sword-grinder) and lapidary has been known for many generations, the 
requirements of the country Have been met by a few comparatively 
rich deposits, but it is doubtful if these are worth working for export 
in the face of the competition referred to above in Europe and America, 
or will even stand against the importation of cheap ^abrasives. 

There is still, and for many generations has been, a certain trade in 
Indian corundum, but the returns for production are manifestly incom¬ 
plete. No workings exist of the kind that could be ordinarily 
described as mining, but attempts have been made to increare the 
scale of operations at Palakod and Paparapatti in the Salem district, 
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near Hunsur in Mysore, and in South Rewa. In 1898, the figures 
returned showed a production of 7,603 cwt., but the output never 
approached this figure in any subsequent year. 

Corundum is very widely distributed throughout the Mysore State, 
and is said to occur in every district except Shimoga. The annual 
production in Mysore has been estimated as follows:— 




1898 

• 

. 2,937 cwts., valued at 

• 

• 

. 698 

1899 

• 

• ®79 i» '» »* 

• 

• 

• 171 

1900 

• 

• »» >* *» 

• 

• 

. 335 

1901 

• 

• **634 >» »» »t 

• 

• 

• 357 

1903 

• 

• 574 » M n 

• 

m 

. 108 


Much of the corundum, which is a regular item of trade in the 
bazars of cities like Delhi, Agra and Jaipur, where the Indian lapidary 
still flourishes, is collected in a casual way by agriculturists and cow¬ 
herds, who dispose of it through the village bania to the larger dealers 
of the great cities. Our information 'as to the mode of occurrence 
and distribution of the mineral was summarized in a special memoir 
published by the Geological Survey in 1898. 

Since that year interesting developments have occurred in working 
the corundum in Ontario, Canada, where the mineral occurs in associa¬ 
tion with nepheline-syenite like that near Kangayam in the Coimbatore 
district.' By the adoption of mechanical means for concentration it 
has become possible to separate corundum from the felspar rock in which 
it is embedded, and to put a product on the market, not only for local 
use, but for export to the United States and Europe. The output of 
Canadian corundum in 1902 reached 805 tons, which was about double 
the production of 1901. 


Qem-stones. 

The most valuable of the precious stones raised in India is un¬ 
doubtedly the ruby, but this and the other stones obtained in the 
country do not approach in value the unset stones and pearls imported, 
which, during the period under review, had an average annual value 
of ;^5II,2 o6. 

Of the precious and semi-precious stones in India, the most impor¬ 
tant, Amber, Jadeite and Ruby, have been already referred to. Of 

*■ T. H. I^lland : The Sivamalat series of Elseotite and Corunduni'Syenites, 
Mem. Geol. Surv., Jnd., XXX, pt. 3, igoi. 
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the others, the only ones which are of immediate concern are Beryl 
Diamond, Garnet, Sapphire, Spinel, Tourmaline, and Turquois. All 
of these except the last have been, or are still being, worked to 
some extent in India, and the Turquois may be dismissed with the mere 
mention of the fact that India, besides being a large importer for local 
use, is one of the channels by which the material raised in Persia and 
adjoining areas reaches the European and Eastern market. The other 
minerals deserve more particular mention. 

There is still a considerable trade in agate and the related forms of 
Asate. known under the general name of hakik, 

and obtained from the amygdaloidal flows of the 
Deccan Trap. The best known and perhaps still the most important 
of the places at which agate and carnelians are cut and prepared for the 
market is Cambay, the chief city of the state of that name under the 
Kaira Political Agency, Bombay Presidency. The agates come from 
v^ious states and districts on or near the edge of the trap, but mostly 
from the State of Rajpipla, where the chief source is a conglomerate 
near the village of Ratanpur. The right to collect hakik at Ratanpur 
is leased for a period of five years at a fixed annual rental, but precise 
data as to the value of the stones sent to Cambay are not obtainable. 
A certain amount of agate-cutting is also carried on at Jabalpur, and at 
a few other places within range of the Deccan Trap. 

Much of the agate retailed in Europe is sent from Cambay, and 
large quantities are also exported to China. 

In the Tanjore district, Madras Presidency, fragments of rock- 
crystal are collected and cut for cheap jewellery, 
Rock ciystal. being known as " Vallum ,diamonds,” whilst the 

bi-pyramidal quartz-crystals found in the gypsum of the salt marl near 
Kalabagh, on the Indu.s, are to a certain extent used for making 
necklaces, and rock-crystal is similarly used for cheap jewellery in 
Kashmir. 

Beryl in its pale-coloured varieties is of common occurrence in the 

granite-pegmatites of India, but the crystals are 
generally too much fissured for use as gem-stones. 
Occasionally in the pegmatite veins which are worked for mica inBehar 
and in Nellore, large crystals of beryl, many inches across, are found to 
include clear fragments which might be cut as aqua-marines; but the 
only places in India where attempts have been made to excavate 
pegmatite solely for its aqua marines are at Pad\ur (Paltalai; near 
Kangayam, Coimbatore district, and at different places in the Toda 
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hills in Rajputana. Stones of considerable value were obtained 
from the mine which was worked at Padyur in the early part of the 
nineteenth century; a pit some 30—40 feet in depth is still in existence, 
but no one seems to have taken an interest in the place since J. M. Heath 
held a lease in 1818. The whole area is impregnated with igneous 
intrusions, and deserves more attention than it has so far received. 

Notwithstanding the reputation (stretching back even as far as 
Ptolemy in the European, and further in the 
Hindu, classics) which India has had as a dia¬ 
mond-producing country, the output of to-day is 
very small and comparatively unimportant. The places which, accord¬ 
ing to accounts, have been most productive in the past form three 
great groups, each in association with the old unfossiliferous rocks of 
probably pre-Cambrian age now known as the Purina group, and 
distinguished locally as the Cuddapah and Kurnool systems in South 
India, and as the Vindhyan system in the northern part of the 
Peninsula. 

The southern of the three groups of diamond-occurrences includes 
localities, with apparently authentic records, in the 
districts of Cuddapah, Bellary, Kurnool, Kistna, 
and Godavari. Loose stones have been picked up 
on the surface of the ground, found in deposits of alluvium and in 
workings which have been undertaken in the so-called Banaganpilly 
stage of the Kurnool series of strata. 

In the second group of occurrences in the Mahanadi valley, the 
stones have been found in the alluvium of the 
* Sambalpur and Chanda districts, and though 
strata similar to those of the Vindhyans and 
Kurnools are known in this area, no diamonds have been found in these 
older rocks. 

The third group of occurrences occupies a tract some sixty miles long 
by ten miles wide, with the Vindhyan conglo¬ 
merates near Panna as the centre. The diamond¬ 
mining industry still persists in this area, both in 
the old conglomerate of Vindhyan age, and in deposits which, though 
described as alluvium, are possibly relics of Lameta (Upper Cretaceous) 
deposits. 

The only garnets worked to any considerable extent in India occur 
in the mica schists of Rajmahal in Jaipur, and 
near Sarwar in the adjoining State of Kishengarh. 


Soathen group 
occnrrencei. 
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Returns are not available to show the condition of the industry in 
Jaipur, but there is still a considerable industry in the Kishengarh State, 
though the yearly estimates are altogether too variable to permit of 
fair average being drawn, varying from about i;io,ooo to £2,000. 
Sapphires of considerable value were formerly obtained in Zanskar, 
SappUie. Kashmir State, but the mines are said to be 
exhausted, and returns for recent work are not 
available. Occasionally the normal blue sapphire, and the rarer green, 
yellow and white varieties are found in the ruby-bearing gravels in 
Burma. 

Spinel is a constant associate of the ruby, both in the gravels and 
SpfaieL limestone, and the crystals, on account of 

their perfect ruby colour and their octahedral 
habit, are often mistaken for the true ruby with its eight-faced com¬ 
bination of the basal plane and rhombohedron. 

Several attempts have been made to work the beautiful red variety 

Townalloe. tourmaline (rubellite) which occurs in the Ruby 

Mines district of Upper Burma. In 1898 an out¬ 
turn worth £359 was reported for this area, in 1900 the value was esti¬ 
mated at £1,240, and in 1903 at £196, but returns are not available 
for 1899 and 1902. 

Gypsum occurs in considerable abundance in various parts of India, 

occurring both in the fibrous form and as clear 
Ojrpiam. selenite crystals. In Sind it occurs in beds some¬ 

times 3 to 4 feet thick near the top of the Gdj beds of the Kirthar 
range ; in Cutch it occurs in abundance in the rocks below the Nummu- 
litic limestones; in the Salt Range it occurs in large masses with 
the salt marl, lying below Cambrian beds. A very interesting, and, 
judging by the returns, important occurrence is N.-N.-W. of Nagore 
in Jodhpur, Rajputana, where a bed, 5 feet thick or more, occurs in 
silt probably ■ formed in an old salt-lake. From this area an annual 
average output of 5,304 tons is reported for the years 1898 to 1903. 
Selenite crystals of similar origin have been recently found in the 
kankar near the base of the silt in the Sambhar lake. 


Olass-makias; Materials. 

The common, impure sands of the rivers and the efflorescent alkali 
salts, so common in many parts of India, are used in various p aces or 
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the manufacture of the inferior varieties of glass used for bangles; 
but attempts to make the better kinds of glass on a large scale have 
hitherto failed in India. ^ 

The chief difiBculty in the way of manufacturing the better grades 
of glass in India is the absence of known deposits of quartz>sand of the 
requisite purity and of suitable texture. For the finer qualities of glass, 
the sand which is, of course, the chief natural substance used, should 
be rather fine and uniform in grain, angular rather than rounded, and 
perfectly white. For the commoner kinds of glass, in which colour is 
of no importance, a considerable quantity of impurity can be tolerated 
and allowed for in making up the melting charge. The well-known 
Fontainebleau sand of France, used largely for glass-making, will yield 
as much as gg per cent, of silica, with 0*50 per cent, of alumina and a 
trace of iron oxide; but good window glass can be made from sand 
containing iron oxide up to *02 per cent, without the use of the correc¬ 
tive manganese oxide. 

To what extent a glass-making industry would fnd a market in 
India may be judged by the fact that during the past six years the 
annual imports of glass and glassware have gradually risen in value 
from £44i,52gin iSgS-gg to £661,377 in igo3-o4. 

Lead, Silver, and Zinc. 

Galena alone, or with blende and other sulphide ores, is known in 
various parts of India and Burma, and has been worked in various 
places for lead, or lead and silver, under past Native rulers ; but the 
mining of lead-ores has long been extinct, and the only recent attempt 
calling for special mention is that now being made to develope the 
deposits near Pang Yung in the Northern Shan States formerly worked 
by the Chinese, who left behind large heaps of slag reported to be 
amenable to profitable treatment by modern metallurgical processes for 
the extraction of silver. 


Millstones. 

The manufacture of millstones is almost universal in India, any 
local hard stone being turned to account. On the plains small mill- 
stoties of about 15 inches in diameter are worked by hand, but in the 
Himalayas, where a fall of water can be easily arranged, a rude form 
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of turbine is made to work a heavier stone by a direct-acting vertical 
shaft, and the ordinary meal of the hill-man is manufactured in these 
primitive mills. These small mills are familiar objects in a Himalay an 
valley, but no returns are available to gauge the industry of stone- 
cutting. 


Mineral Paints. 

Up to the present the manufacture of mineral paints appears to be 
very small compared to the demand and the natural resources in 
minerals apparently suitable. In the Jabalpur district mineral paint- 
works are utilizing the soft hematites of Jauli and are drawing sup. 
plies of yellow ochre from the Panna State, whilst similar works near 
Calcutta are dependent largely on imported material. 

Ochres, red, yellow and of other colours, are commonly used by 
uatives in many parts of the country, in a crude or simply levigated 
form and are known under the generic name geru. A common source 
of supply is the laterite in the Peninsula and Burma, but well-defined 
ochres occur in deposits of various geological ages down to the Archaean 
hematites. In Trichinopoly district yellow ochre is obtained from 
the Cretaceous rocks, and in Burma large deposits are known amongst 
the Tertiary beds of the Myingyan district. A black slate near 
Kishengarh has been'successfully tried on the Rajputana-Malwa Rail- 
wav. Barytes, used as a substitute or adulterant for “ white lead,” is 
obtainable in quantity near Alangayam in the Salem district and in 
the Jabalpur district, but no attempts have been made to turn the 

deposits to account for paint-making. 

Orpiment, the yellow sulphide of arsenic, has been already referred 

to under “ Arsenic ” {supra, p. 97.) 


Mineral Waters. 

One curious feature in connection with Indian minerals is the neg- 
lect of our numerous hot and mineral springs. To what extent the 
value of these is purely fanciful is a matter of small concern for the 
time being! for whether they have the medicinal properties clmmed 
for them or not, there is no doubt that weU-^vertised mineral watere 

have an economic value, and numerous varietira „( 

Japan are scattered over India, and brought to the continual notice of 
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the travelling public in all railway refreshment rooms. Natives of 
India have for many ages recognised a value in mineral waters and 
in the hot springs which are often charged with more than usual 
quantities of mineral matter. In many cases these, like most unusual 
natural phenomena, have become sacred to the Hindus, and have conse¬ 
quently become places of resort for pilgprims from great distances. Of 
instances of this sort may be mentioned the hot springs at Manikarn in 
Kulu, where the pilgrims cook their rice in the hot springs emerging in 
the shingle beds close to the ice-cold stream of the Parbatti river. The 
water is led into the neighbouring temple and rest-house for baths, 
being supposed to be of value for rheumatism. At Lasundra in the 
Kaira district, and at Vajrabai in the Thana district, Bombay Presi¬ 
dency, springs of sulphurous water, having a temperature of ii5°F., are 
also resorted to by Hindu pilgrims. Generally it may be said that hot 
springs, often sulphurous, are common throughout the Tertiary areas of 
Sind and Baluchistan on one side, and of Assam and Burma on the 
other side, of India, the distribution being similar (and perhaps depend¬ 
ent on similar causes) to the distribution of petroleum, with its constant 
associates of salt and gypsum. Other springs occur along the foot¬ 
hills of the Himalayas, in the Kharakhpur hills, etc., suIRBciently well 
distributed to permit of easy transport. The provincial gazetteers con¬ 
tain sufficient references to these springs to guide private enterprise, 
but more might be done in the way of analysis of the waters, which 
would be as interesting from a scientific as possibly from an economic, 
point of view. The mineral water of Sitakhund in the Kharakhpur 
hills is the only one which has been turned to account. 


Phosphates. 

One regretful feature in connection with the Indian mineral 
resources is the absence, in a country where agriculture is such a pre¬ 
dominant industry, of any phosphatic deposits of value, and a further 
circumstance to be regretted is the continued export of phosphates in 
the form of bones, due primarily to the fact that, being without means 
for the manufacture of cheap sulphuric acid, superphosphates are not 
made in the country, and the little that is used is imported from Europe. 
During the past six years the materials imported under the head of 
manures have varied in value from £6,367 in 1898-99 to £2,144 
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1903^3. Whflst the eiports of manures, amon<mt whi^l. L 
up 99 per cent, of the total, have been as follow^- ^ ^ ^ 


”3 


table 6o.-£*psvfs Mi, ,„i ,, 
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£, 
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u '5 r; ^ 
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1898.99. 

74 , 97 * 

272,268 

*899-00 . 

110,927 

408,581 

1900-01 .... . . . . 

1*3,465 

394,228 

i9ot-oa .. 

94,243 

344,128 


105,634 

381,784 

Average . 

95,zn 

344,oSi 


Amongst the phosphatic deposits of India, the principal and perhaps 
the only one worth considering is the deposit of phosphatic nodules 
of the septarian kind, occurring in the Cretaceous beds of the Peram- 
balur taluk, Trichinopoly district, Madras Presidency. Dr. H. Warth 
in 1893 'estimated that to a depth of 200 feet the beds contained 
phosphates to the amount of about 8 million tons, but the nodules are 
distributed irregularly through clay, varying, in the different deep 
excavalions made, between 27 and 47 lbs. per 100 cubic feet, and in 
some shallow diggings 70 lbs, per 100 cubic feet. Analyses of these 
nodules show them to contain from 56 to 59 per cent, of phosphate, 
and about 16 per cent, of carbonate of lime, with considerable varia¬ 
tions in different nodules. The alumina and oxide of iron vary 
between 4 and 8 per cent. 

Two attempts made to dispose of these phosphates in a finely 
powdered condition for use as a fertilizer on coffee plantations in 
South India were reported to be unprofitable, and mining leases have 
consequently not been applied for. No attempts have been made to 
?xport the material. Its value would possibly be about the same as a 
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third-grade Algerian phosphate, which brings about a ton deli¬ 
vered at European ports, and as the sea freight from Madras would be 
added to the cost of a railway journey of 248 miles and cartage of ao 
miles, there is no present prospect of profitable mining for export. 

Small quantities of apatite are turned out and thrown away with 
the waste in the Hazaribagh and Nellore mica-mining areas, and 
a few other occurrences of unknown, and presumably smaller, value 
have been reported at different places—near Mussoorie, in East Berar, 
and in the eocene shales above the coal near Dandot colliery in the 
Punjab Salt Range. 

Rafe Minerals. 

Minerals of the so-called rare metals have received hitherto practi¬ 
cally no attention in India, although some are known to exist in the 
country, and others, judging by the geological conditions, might be 
hopefully searched for. Molybdenite has been found as isolated crystals 
in pegmatite and quartz-veins in parts of Chota Nagpur; tungsten 
occurs in the mineral wolfram as a common associate of tin-ores in 
South Burma and in the Southern Shan States; platinum and iridium 
have been found in the auriferous gravels of the rivers draining the 
slopes of the Patkoi ranges, both on the Assam and the Burma sides; 
uranium-ores have been detected in the mica-bearing pegmatites of 
the Singar mica mine in the Gaya district, occurring as pitchblende, 
torbernite and uranium ochre; titanium is widely distributed in the 
form of ilmenite and sphene; and zircon occurs associated with the 
elaeolite-syenites in the Coimbatore district. Of these minerals possibly 
the wolfram (tungstic ore) of Burma offers the best prospects of imme¬ 
diate development. 

No undoubted occurrence has been recorded of the minerals which 
are valuable, like monazite and the new Ceylon mineral thorianite, on 
account of the incandescent rare earths they contain, although some of 
these minerals are very widely distributed amongst crystalline rocks 
resembling those of Peninsular India. Columbite, tscheifkinite, 
gadolinite, and allanite containing helium have, however, been definitely 
determined in India. 

Slate. 

Slate-quarrying gives a means of livelihood to numbers of workers 
along the outer Himalayas, where the foliated rocks, though often not 
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t rue clay slates, possess an even and perfect fissility which enables them 
to be split for slabs and even fine roofing slates. In the Kangra 
district a joint-stock company has organized the work in a systematic 
manner, and for. the past six years has declared dividends of 12 per 
cent, with the addition of considerable sums to the reserve funds. The 
same company works quarries in clay-slate amongst the Aravalli series 
near Rewari, south of Delhi. 

In the Kharakpur hills, a private company is working a slightly 
metamorphosed phyllite, which, though not giving the thinnest 
varieties of roofing slate, produces fine slabs, for which a more extended 
use is continually being found. Slate is also being worked in various 
parts of the so-called transition series of rocks on the Peninsula; but 
no figures are available to show the extent of the trade. 

Sodium Compounds. 

Besides sodium chloride other salts of soda, notably the sulphate 
{/chart) and carbonate {soj’ji), accumulate in the soil of areas where 
the climate is dry, and both the sulphate and carbonate are prominent 
amongst the sodic compounds in the brine of the Rajputana salt lakes. 
A conspicuous instance of a salt lake in which the carbonate is most 
prominent is the crater-like Lonar lake occurring as a roughly circular 
depression in the Deccan trap-flows of Berar. 

Besides the impure sajji~matti, of which considerable quantities 
are still in use, the trade statistics show that imports are distinctly 
increasing, and that common country sajji is becoming displaced. 
For information concerning the alkali compounds used and manu¬ 
factured in India, see Agricultural Ledger^ No. 5 of 1902, published 
by the Reporter on Economic Products, Calcutta. 

Steatite. 

One of the most widely distributed minerals in India is steatite» 
either in the form of a coarse potstone—so-called on account of its 
general use in making pots, dishes, etc.,—or in the more compact 
form suitable for carvings, and in its best form, suitable for the manu¬ 
facture of gas-burners. There is a trade of undetermined value in 
nearly every province, but it is impossible to form even a rough esti» 
mate of its value. An exhaustive account of the Indian occurrences 
of steatite was published by Mr. F. R. Mallet in the Records^ 
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Geological Survey of India, vol. XXII, part 2 (1889), and a note by 
Mr. H. H. Hayden in vol. XXIX (p. 71) of the same publication adds 
further details with regard to the deposits in Minbu district, Burma, 
where the annual outturn is estimated to be worth frojn £“^00 to ;£50o. 
The returns, which are confessedly incomplete, give an average annual 
productioh in India of about 35,000 tons, valued at £1,900. 


Sulphur, Sulphur c Acid, and Soluble Sulphates. 


Sulphur. 


Small quantities of sulphur are obtainable on the dying volcano of 
Barren Island, and on some of the volcanoes in 
Western Baluchistan, whilst it has been reported 
in connection with the petroliferous Tertiary rocks in the Baluchistan- 
Persian belt, as well as in the Arakan system on the east. There are, 
however, no deposits of free sulphur known to be worth working. 

Pyrite is known in various parts of India, and in one place, near 
Kalabagh on the Indus, it is sufficiently abundant in the shales which 
have been worked for alum to give rise to frequent cases of spontane¬ 
ous combustion. An occurrence of this sort is one that, suitably placed, 
might be of value as a source of sulphur. Otherwise, the only chance 
of sulphur to compete with the imported article is bound up in the 
problem of developing the metalliferous sulphides for both metal and 
sulphur. 

In view of the value of the imports of sulphur and sulphuric acid, 
and in consideration of the fact that a cheap 
supply of the acid would be the key to many 
industries now either non-existent or in a feeble condition, the 
manufacture of sulphuric acid on a large scale and cheaply would 
be the starting point of an economic revival. During the six years 
under review the imports of sulphur averaged 34,136 cwts. a year, 
valued at £12,612, whilst the annual average for sulphuric acid was 
45,374 cwts., valued at £32,273. A small quantity of the acid, on 
an average 250 cwts. a year, was re-exported, chiefly to British East 
Africa. In addition to sulphuric acid, there are several chemicals 
imported which could be produced in India more cheaply if the acid 
were made in the country in large quantities at a suflBciently low price. 
The average annual value of imported “ chemicals for paper-making " 
alone has been £54,810 during the past six years, and if, as seems 
likely, an attempt is made to turn the bye-products in coke-making 
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to account, the demand for sulphuric acid will increase, whilst the 
only chance of these industries springing up will depend on the possi¬ 
bility of obtaining a cheap supply of sulphuric acid. 

- For many years pyritous deposits in India have been turned to 
_ . . ^ ^ account for the manufacture of soluble sulphates 

copper. copper. The case of alum has been 

referred to already {supra, p. 94), and with the 
alum, which was formerly obtained in quantity from the decomposed 
pyritous shales at Khetri and Singhana in Rajputana, copperas and 
blue vitriol were also obtained. No statistics are, however, available 
with regard to the history of these industries, which have had to give 
way to the importation of cheap chemicals from Europe. 

Through the accident of an alphabetical arrangement, the last sub¬ 
ject to be considered enables us to point the lesson taught by a 
general survey of progress {cf. page 7). Sulphuric acid is the key to 
most chemical and to many metallurgical industries; it is essential for 
the manufacture of superphosphates, the purification of mineral oils and 
itie production of ammonium sulphate, various acids, and a host of 
minor products ; it is a necessary link in the chain of operations in¬ 
volved in the manufacture of the alkalies, with which are bound up the 
industries of making soap, glass, paper, oils, dyes and colouring 
matters ; and, as a bye-product, it permits the remunerative smelting of 
ores which it would be impossible otherwise to develop. During the 
last hundred years the cost of a ton of sulphuric acid in England has 
been reduced from over £30 to under £2, and it is in consequence of 
the attendant revolution in the European chemical industries, aided by 
increased facilities for transport, that in India the manufacture of alum, 
copperas, blue vitriol and the alkalies have been all but exterminated; 
that the export trade in nitre has been reduced instead of developed ; 
that copper and several other metals are no longer smelted; that the 
country is robbed every year of nearly 100,000 tons of phosphatic 
fertilizers ; and that it is compelled to pay over 10 million sterling for 
products obtained in Europe from minerals identical with those lying 
idle in India. 

Although sulphuric acid and the alkalies are essential to so many 
other industries, the conditions for their profitable manufacture will 
b^ance the protective ” effect of transport charges only when there 
is a market in the country for the bye-products which are now essen¬ 
tial parts of the cycle of operations in a chemical industry. These 
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conditions, as shown by the import statistics, are rapidly ripening, but 
the enterprising capitalist should remember, also, that the present 
requirements of India represent but a fraction of the consumption, 
which will follow any material reduction in prices by local production. 


LIST OF PLATES 


PLATE —Diagram showing the imports of foreign and the export* of Indian coal in 

statute tons during the decade 1894- 1903. 

PLATE a* —Diagram showing the provincial output of coal in statute tons for the years 
1884—1903- The output for Bengal is necessarily omitted from a 
diagram on this scale, but is shown in figure i, p. 9. 
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PITATE Output of the principal salt-producing countries. The information for 
Foreign countries has been obtained mainly from Afineral Industry. 

PLATE 5*— 'Production of the Upper Burmajoil-fields for the decade 1894—1903, stated 
in Imperial gallons. 

PLATE 6. —Map showing the occurrences of petroleum in Assam and Burma, prepared 
by Mr. T. D. LaTcuche, 'b.a., f.g.s.. Superintendent, Geological 

Survey of India, 






